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ABSTRACT 
A study of the a d d i t i o n a s well a s s u b s t i t u t i o n 
compounds of some t r a n s i t i o n metal ions with a few b i o l o g i -
c a l l y a c t i v e l i g a n d s con ta in ing both sulphur and n i t r o g e n , 
namely, p i p e r a z i n e mono-(pzdtc) , and p i p e r a z i n e b i s -
d i th iocarbaEia te ( pzdcd t ) , 5-aiiiinoindazolyl d i th iocarbamate 
( Aldtc) ,c<-napintnylaL.ine a i t i i iocarbaiaate (o^-Iv'Kdtc) and 
2 - t h i o b a r b i t u r i c acid (TBA) has been made under t h i s p r o j e c t . 
The d i th ioca rbamates were synthes ized by a Known method with 
a s l i g h t modif ica t ion in the exper imental c o n d i t i o n s . 
The composition of the complexes have been e s t a b l i s h e d 
on the b a s i s of e lemental a n a l y s i s . P o s s i b l e s t r u c t u r e ^ o f 
these complexes have been proposed on the b a s i s of t h e i r 
i n f r a r e d - , r e f l e c t a n c e s p e c t r a l s t u d i e s and magnetic suscep-
t i b i l i t y measurements. The changes in the s t r e t c h i n g f requen-
c i e s of d i f f e r e n t groups upon coordincition have been s tud ied 
and the coord ina t ion s i t e s l o c a t e d . A probable geometry f o r 
each complex has a l so been proposed. 
In the l a s t few y e a r s the metal complexes of d i t h i o -
carbamates have rece ived much a t t e n t i o n because of t h e i r dual 
behaviour of a c t i n g both as a c h e l a t e or a s monodentate l i gand , 
Considerable work has been done on the a l k y l , a ry l and h e t e r o -
c y c l i c d i th ioca rbamates to study t h e i r complexing behaviour . 
- 1 1 -
No work seeuis to be done on pzdcdt except for a r e p o r t 
on Cu(I l ) complex. The study of p z d t c ( l ) and p z d c d t ( I l ) 
complexes of P d ( I l ) , P t ( I V ) , R u ( I I l ) and R h ( I I I ) has been done 
and t h e i r prooabie geometr ies proposed. 
I t has been noted t h a t t he ( I ) a c t s n o m a l l y as a 
b i d e n t a t e (symmetr ical ) and occas iona l ly as a u n i d e n t a t e 
(unsyn;Lietrical) ligaxid while t h e ( I I ) Dehaves as a b i d e n t a t e 
or T^etraaent&ce l i g a n d . I., the IR s p e c t r a oi a l l t y - e s of 
d i t h ioca rbama tes the s p l i t t i n g of the^(C - ^ - S) de termines the 
na tu re of c h e l a t i o n of the d i th ioca rbamato-moie ty . When the 
d i th iocarbamato-group a c t s as an unsymmetrical molecule, i t 
shows two bands at 1000 + 70cm , whi le only a singlei)(C-^-=--3 ) 
band in the same region confirms the b i d e n t a t e behaviour of a l l 
types of d i th ioca rbamato-g roup . Thus the s t e reochemis t ry of 
these complexes can be decided on the b a s i s of'i)(C =^^ -^  S ) band* 
The Pd(pzdtc)p complex has been found to be square 
planar with the two dithiocarbamato-groups chelated to i t . On 
the other hand, in the P t (pzdtc ) . two of the four d i t h i o c a r -
bamato- groups are chelated while the other two u n i t s act as a 
monodentate l igand which i s confirmed by the s p l i t t i n g of 
( C ^ ^ S ) s t r e t c h e s . Both, the Ru(p2dtc)2Cl and Rh(pzdtc)pCl 
have been proposed to have a halogen bridged octahedral 
s tructure . The Ru(pzdtc)2Cl complex has been found to be 
- I l l -
diamagnetic, which has a lso been explained on the basis of 
extended overlap of metal and chlorine o r b i t a l s possibly 
through chlorine bridge. 
The Pd(pzdcdt) complex has been found to be polymeric 
in nature with a square planar geometry. The Ru(pzdcdt)C1, 
Rh(p2dcdt), / and Pt(pzdcdt)Cl2 complexes were proposed to be 
octahedral . The diamagnetism of Ru(II l ) in t h i s case has also 
been explained on i-he basis of overlap of metal and chlorine 
o r b i t a l s . Their in so lub i l i ty and high decomposition tempera-
tures suggest them to be polymeric. 
The 5-aminoindazolyl dithiocarbamate i s a novel l igand 
with two more coordination s i t e s , be s ide s the dithiocarbamato-
group. The synthesis and study of i t s coruplexes with lyjn(ll), 
F e ( I I I ) , Co( I l ) , N i ( I l ) , Cu( I l ) , Ru( I I l ) , R h ( I I l ) , P d ( I l ) , 
P t ( IV) , Zn( I I ) , Cd(II) and Hg(II) i s being reported here for 
the f i r s t time in th i s work. Like, piperazine dithiocarbamates, 
i t also exhib i t s both the symmetrical and unsymmetrical na tu re . 
However, the change in 23 (C—N) in some cases suggests the 
involvement of pyridyl nitrogen in coordination, A square planar 
geometry has been proposed for the complexes of Pd(I l ) and Cu(II). 
For Rh(I I I ) and Pt(IV) complexes an octahedral s t ruc ture has been 
suggested. The s p l i t t i n g of the <L) ( C ^ - ' S ) band observed in the 
Ciase of Pt(AIdtc)^ complex confirms the unsymmetrical nature of 
t h i s dithiocarbajnate. 
- IV -
In the case of Mn(Il), Co(I l ) , Ni ( I l ) complexes an 
octahedral geometry i s a t ta ined probably through the ligand 
bridging, in which the pyridyl nitrogen of the indazole r ing 
has also been shown to be coordinated while chlorine br idg-
ing has been proposed for octahedral Fe(AIdtc)2Cl complex. 
JTor the complexes of Zn( I l ) , Gd(I l ) , Hg(Il) and fiu(IIl) no 
de f in i t e s t ructure could be proposed on the basis of the 
l imited s tudies . 
cK-Naphthylamine dithiocarbamate and i t s complexes with 
Co(II ) , Mi(I I ) , Cu(I l ) , R u ( I I l ) , Rh ( I I l ) , Pd ( I I ) , P t ( IV) , Zn( I l ) , 
Cd(Il) ana Hg(II) liave been prepared and studied. These 
complexes are sparingly soluble in DM and DhSO. In a l l these 
complexes the dithiocarbamate moiety ac ts as a che la te . The 
N i ( I l ) , Cu(II) and Pd( I l ) complexes have been found to be square 
planar while those of Ru( I I I ) , Rh(I I l ) and r t ( l v ) were proposed 
to be octahedral in na ture . In t h i s case Co(II) ion seems to 
have a te t rahedra l geometry, unlike the other known square 
planar dithiocarbamato complexes of Co(II ) . No de f in i t e 
s t r u c t u r e , however, could be proposed for Zn(I I ) , Gd(II) and 
Hg(Il) on the basis of l imited s tudies • 
Since no work, on complexing behaviour of 2- tbaobarbi-
t u r i c acid has been reported, a few t r ans i t i on metal complexes 
of Mn(Il), Fe(I I I>, Co(I l ) , Cu(I l ) , Cd(I l ) , Ru(III>, R h ( I I l ) , 
_ V -
Pt(IV) , Pd(I l ) and I r ( I I l ) have been synthesized to i n v e s t i -
gate the coordination s i t e s and the p o s s i b i l i t y of the forma-
tion of a polynuclear or a halogen bridged s t ruc tu re . Both 
the W-H groups at posi t ion 1- and 3- and the oxygen atoms at 
4- and 6- respect ively , have oeen found zo be involved in 
coordination, forming polymeric complexes. In none of the 
complexes of th iobarb i tu r ic acid the sulphur atom has been 
founj. to oi ier iuself as a coordinaticn s i t e . 
In bin(II) and Co(Il) the TBA has been found to act as 
a t e t r a d a i t a t e while in other cases as a bidentate l igand. 
The l'in(Il), ? e ( I I l ) , Cu(Il) ( 1 :1 ) , P d ( I l ) , Ru(I I l ) and 
i r { I I I ) have been found to have chlorine bridge . In the case 
of Pt(TBA)9Cl^ complex, the two chlorine atoms are probably at 
pos i t ions t rans to each other, above and below the plane of an 
octahedron. Metal ligand s t re tching frequencies occur in the 
range 175-270cm for f i r s t row t r ans i t i on metals and Cd(II) 
which follow the Irwing-Williams sequence of metal ions: 
Mn <^  Fe < Co < Cu > Cd 
The ^(M-N) for second and th i rd row t r ans i t i on metal 
ions f a l l in the 458-505cm" region. In the present case i t 
has been noted that except for Pd(Il),2J)(M-N) increases with 
an increase in the oxidation s t a te of metal ions , regard less 
of the i r symmetry, as follows: 
P t 4 ^ > I r 5 - ^ ^ R h 5 - ^ ^ R u 5 - ^ > C u 2 ^ 
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CHAPTER-I 
INTRODUCTION 
INTRODUCTION 
A very lai^ ge number of transition metal complexes of 
various kinds of organic ligands have been synthesized during 
the last thirty years or so. 
With the advent of crystal field and ligand field 
theories a greater understanding of the bonding and nature 
of these complexes is available today. This has enabled 
utilization of various transition metal complexes in diver-
sified fields, like industry, agriculture and medicine. 
During the last few years great importance has been attached 
to the complexes of biologically active ligands with special 
reference to those with nitrogen and sulphur. 
The chemical literature is full, of the descriptions of 
coordination compounds of such ligands like thionamides, 
carbohydrazides, thiocarbohydrazides, thiosemicarbazones, 6-
mercaptopurine, thiazoles, imidazoles, bismuthiol(I), 
thioureas, dithiooxamides, dithiocarbazic acids, dithiocar-
bamic acids and mercaptopyrimidines. 
Many nitrogen and sulphur containing organic compounds 
have found use in medicine, biology and industry. The 
carcinostatic activity of a number of thiosemicarbazones 
containing nitrogen heterocycles have been studied on the 
basis of the sequestering metal ions, which are involved in 
carcinogenesis. The palladium and platinum complexes of 6-
mercaptopurine have been reported to destroy some adenocar-
cinomasy 
1 
Thionamides contain the groups -C(=S) NRR' and 
-C(SR)=NR*, where R and R' may represent hydrogen, a metal 
and aliphatic, aromatic or heterocyclic groups* Although the 
history of the thionamides goes back to the first part of the 
19th century, it has only been in the last two decades or so 
that these compounds have been shown to have much potential 
value as intermediates in the preparation of products of 
industrial and pharmacological value. The range of uses to 
which the thionamides have been successfully applied in this 
short interval of time is exhaustive. It includes such widely 
diversified fields aus metal deactivators in petroleum products 
and organic chemicals, vulcanization accelarators, pigments for 
plastics and the synthesis of aliphatic, aromatic and hetero-
cyclic compounds of pharmacological interest . 
Thiosemioarbazide exists in tautomeitic forms (I) and 
(II), and can act as a neutral or charged chelate group. Its 
inner complexes of Ni(Il), Pd(Il), and Pt(II) have been 
obtained by Jensen in two forms, which are assumed to be cis-
2 3 trans isomers *"'^, 
NH.MI^ N. NHg 
H^N - C HgN - C 
(I) (II) 
Thiocarbohydrazide is useful in various fields , 
It is used for the identification and estimation of both 
organic and inorganic compounds, Thiocarbohydrazide preci-
pitates aldehydes and ketones quantitatively, giving deriva-
tives having sharp melting points, which are suitable for 
identification purposes and in gravimetric procedures. Their 
thermal stability has been investigated using a thermobalance 
and their optimum drying temperatures have thus been found, 
Thiocarbohydrazide causes the irreversible inhibition 
of purified recrystallized catalase preparations (ox liver) 
in the presence of HpOg* It has many important pharmacologi-
4 
cal, anticarcinogenic and antibacterial properties , 
Thiazoles and imidazoles are of much interest because 
5 
of their importance in biological systems . Some of them 
have been shown to be antiparasitic in solution, Further-
more, their inorganic complexes, investigated with metals 
l ike t in and mercury, have been recently found to act as 
fungicides and insec t ic ides ' . Certain metal complexes of 
thiazoles ana imidazoles in addition to act ing as fungicides 
and in sec t i c ides , in some cases have been used as an t iox i -
R —10 dants and heat r e s i s t an t materials , In a few casesthese 
heterocyclic compounds have been used in the detection and 
11 
iden t i f i ca t ion of metals by v i r tue of the i r specific i n t e r -
act ion. 
Thiourea ac t s as a unidentate ligand lortuing strong 
complexes with c lass b metal ions, in pa r t i cu l a r Cu(l) , Ag(l) , 
Au(l), and Hg(I l ) . Thiourea reduces Cu(Il) to Cu(l) , Au(III) 
to Au(l), Pt(IV/ to P t ( I l ) and forms complexes witri metals in 
lower oxidation s t a t e s . Infrared s tudies have shown that 
thiourea coordinates through sulphur not only with c lass b 
metals ^ but also with Sn(IV)''^, Pd(I l ) ' '^ and Te( I l )^^ . 
However, infrared spectral s tudies indicate that the ligand 
i s coordinated through nitrogen in TiCtu)^^!. (tu = th iourea) . 
The compound, Ni(tu)p(r3CS)p i s octaliedral and has a polymeric 
s t ructure in which the sulphur acorn of each thiourea molecule 
i s bound to two nickel atoms. The complex, Cd(tu)pCl^ i s 
te t rahedra l but PbCtui^Clp has a polymeric s t ruc ture in which 
the lead atom i s seven coordinated. Complexes of ethylene 
thiourea with F e ( I l ) , Co(Il) and N i ( I l ) have also been 
16 17 investigated * , Cu(l) and Ag(I) complexes with other 
thiourea derivatives are known but their structures are often 
18 
complex . N,N'-diethylthiourea, N,N'- diphenylthiourea and 
N,N -diphenylthiourea behave as bidentate chelating agents, 
being bonded through both the nitrogen atoms in the complexes, 
1 C ) 
2 TiCl^^ -L (L = s u b s t i t u t e d t h i o u r e a ) ' S-ace ty l t h i o u r e a ( s a t u ) 
20 forms only a 1:1 complex with Cu( l ) 
T r a n s i t i o n metal complexes of 2 -amino-e thane th io l have 
21 22 2"? been e x t e n s i v e l y »'•''»'••^ s t u d i e d . Two types of complexes a re 
formed with t r a n s i t i o n metal i o n s , v i z . , the monomeric b i s -
l igand complexes /"M(H2NCH2CH2S)2_7(M=Ni,Pd) and the t r i n u c l e a r 
c a t i o n i c complexes /'M^(H2NCH2CH2S)^Cl27'(M=Co, Ni and P d ) . 
Dithiooxamide ( I I I ; , rubean ic a c i d ) has long been used for 
the d e t e c t i o n and de te rmina t ion of many meta ls . Ewens 
28 
and Gibson had prepared i n s o l u b l e polymeric thiooxamide 
complexes with N i ( I I ) and C u ( I I ) . The s t r u c t u r e s of t he se 
complexes and those of N , N ' - d i s u b s t i t u t e d thiooxamides have 
29 30 been d i s c u s s e d by Hurd e t a l . * 
HS /^NH 
/ \ 
HN SH 
(III) 
\i 
8-Mercaptoquinoline, IV forms very s table chelates 
31-35 
with c l a s s b metal ions . The s t a b i l i t i e s of the 
complexes of 5-chloro-8-mercaptoquinoline are in the order 
Pd^ Pt^ Rh^ I r ^ Ru^ Os and are more s t ab le than those of 
•zc "in 
8-mercaptoquinoline i t s e l f * 
SH 
H^ N — NH — C. 
C V ) 
•ZQ 
Recently Anthoni has i so la ted the free di th iocarbazic 
acid, (V), although i t s ammonium and hydrazinium s a l t s have 
long been known • Cambi and coworkers have reported the 
complexes of di thiocarbazic acid with R h ( I I I ) , N i ( I l ) , Z n ( I l ) , 
Cd(II) and Pb(IX). Complexes of N-subst i tuted d i th iocarbazic 
ac ids , (VI); (VII) ; (VIII) with N i ( I l ) and Zn(II)^^ have a lso 
been thoroughly studied. 
5 
R SH R SH 
^ N - NH - C. H.N = N = C ^ 
(VI) (VII) 
(R=H,R' = Ph; R=R»=Me; R=R' =Ph; (R=Me, E t , n - P r , n-Bu) 
R=Me, R'=Ph) 
Me ^® ^ SH 
'^N - N - C C 
(VIII) 
o^-N-methyl-S-methyl-p -N-(2-pyridyl) methylenedithio-
carbazate (IX^H-NMe—S) ac t s as a neu t ra l NNS t r i den t a t e 
ligand forming s table complexes with t r ans i t i on metal ions but 
shows l i t t l e tendency to form five coordinated neut ra l 
42 
complexes with bivalent metal ions . 
(IX) 
0 
The p r e p a r a t i o n of a number of S - e s t e r s of d i t h i o -
oa rbaz ic ac id and t h e i r r e a c t i o n s wi th a l i p h a t i c and aromat ic 
43 44 
a ldehydes and ke tones have been r e p o r t e d e a r l i e r •' '^^^ The 
b i o l o g i c a l a p p l i c a t i o n s of metal complexes of d i t h i o c a r b a z i c 
45.46 
a c i d s have been the subjec t of some p a t e n t s . Some 
metal complexes have been found to have c a r s i n o s t a t i c 
a c t i v i t i e s • 
Complexes of DL-ethionine^(X) and S-methyl-L cys te ine^ 
(XI) have been i n v e s t i g a t e d and t h e i r s p e c t r a l and magnetic 
48 
s t u d i e s have a l s o been done • 
. 0 ^ 0 
CH,-CH_-S-CH^-CH^-CH-C ^ CH,-S-CHp-CH-C ^ 
k g ^ O H NHg ^ O H 
(X) (XI) 
2-thioamidopyridine, (XII) acts as a neutral bidentate 
ligand forming complexes with a wide range of metal ions ", 
This ligand coordinates via the pyridine nitrogen and the 
thione sulphur with Ru(IIl), Os(IIl), Co(Il), Ni(II), Pd(II), 
Ag(l), Au(II) and Hg(II)^*. 
\i 
(XII) 
Extens ive work has been c a r r i e d out on the d i t h i o -
carbamates and t h e i r ox ida t ion p r o d u c t s , the th iouramdi -
s u l p h i d e s . Experiments have shown seve ra l of these subs tances 
to be of g rea t p r a c t i c a l vsuLue in the c o n t r o l of v a r i o u s 
55 56-60 
fungal d i s e a s e s of p l a n t s . Several i n v e s t i g a t o r s 
concluded t h a t the an t i funga l a c t i v i t y of s a l t s , e s t e r s and 
ox ida t ion produc ts of d i - N - s u b s t i t u t e d d i th ioca rbamic d e r i v a -
t i v e s i s h igh es t i f R^  and R- a re methyl groups ( X I I I ) . The 
d i e t h y l d e r i v a t i v e s a re s l i g h t l y l e s s a c t i v e , whereas the 
h ighe r a lky l and e s p e c i a l l y the a r y l d e r i v a t i v e s a r e r e l a t i v e l y 
N - C - SH 
Rg S 
( X I I I ) 
10 
inactive, and the activity decreases with the increasing 
bulk of alkyl groups. 
The antifungal activity of the various metal salts of 
dimethyl dithiocarbamic acid increases with increasing 
C 1 
so lubi l i ty ; the sodium sa l t being the most ac t ive . The 
a lkyl^^ '^^ , haloalkyl^'^, cycloalkyl^^, alkylene, phenyl, benzyl, 
pyridyl , to ly l , pyrrol id ine , an i l ine , tetrahyuroquinoline , 
sulphonylimidobenzoyl, furfuran , t r i a z o l y l , piperazine, 
64 ffiorpholine, piper idine , indole, indol ine , carbazole and 
pyrazole ' thiocarbamates axid the i r de r iva t ives have been prepared 
and their b iological proper t ies have been studied. 
In te res t in the t r ans i t i on metal complexes of piperazine, 
ffiorpholine, piperidine and other aryl and alkyl mono- and 
dithiocarbamates has increased in the recent years with the 
appearance of many papers on the complexes of these l igands . 
Monothiocarbamato complexes of Ti(IV) , N i ( I l ) , P d ( I l ) , 
70 71 7? 
P t ( I I ) , F e ( I I l ) ' , Au(l) and Rh(l)"^ have been prepared and 
the i r s t ruc tures proposed. Recently, the stereochemically r ig id 
seven-coordinated chloro t r i s (N,N-dialkyl monothiocar-
bamato) titanium(IV> complexes and eight coordinated 
l i 
tetrakis (N,N-dialkyl monothiocarbamato) complexes of Ti(IV) 
and Zr(IV) ^ »'^»'5 j^^^ g^ gj^ so been reported. 
Prom the structural point of view^a study of the alkyl 
dithiocarbamates have been of particular interest ~ ,owing 
to the fact that they can act both as chelates or monodentate 
ligands. For the dithocarbamate chelates,a partial double 
bona chaiacter for ;.-C=--N group has been confirmed on the 
basis of i.r. spectral studies, it has been suggested 
that the splitting of Sp"^ ^^ -^  C band at lOOOcm" occurs only 
when the dithiocarbamato moiety is unsymmetrically bound. 
Further, in the case of unsymmetrical alkyl dithiocarbamates 
a splitting of the o<-protons in the p.m.r. spectrum is also 
op 
exhibited at low temperature . 
In the dithiocarbamate (XIV) ion,R' and R denote various 
organic substituents which do not influence significantly the 
R 
(XIV) 
metal sulphur bonding. Monosubstituted compounds are less useful 
than the disubstituted compounds because of their stronger 
reducing properties and tendency to decompose to hydrogen 
IZ 
sulphide* The most important property of the dithiocarbamate 
ion is its protonation to acidic solution and its subsequent 
decomposition to carbon disulphide and the protonated amine. 
There is very little information on the bis-
Cl'X Q/t 
dithiocarbamate complexes « However, polymeric chelates 
of Cu(Il)^^, Sn(IV), CeClV), Si(IV), Ti(IV) and Zr(IV)^^ 
with piperazine bis-dithiocarbamate which contains two -C. © 
groups at the two ends of the heterocycl ic r ing have been 
reported. 
Alkyl dithiocarbamates are very useful both in industry 
and agr icu l tu re . Dialkyl dithiocarbamates are frequently used 
as co l l ec to r s of sulphides from finely milled ores . In 
agr icu l ture 3-(benzyl) N,N-dialkyl dithiocarbamates are used 
as fungicides. These dithiocarbaiaates are pa r t i cu la r ly 
_ 87 
effect ive against P i r i c u l a r i a oryzae . Pigmented regenerated 
ce l lu lose sponges are impregnated with an aqueous dispersion 
of a metal dia lkyl dithiocarbamate to impart res i s tance to 
88 
r o t t i n g s , fungicidal a t tack and pigment bleeding • 
Methyl 2-benzimldazolyl carbamate and dithiocarbamates 
like zineb, maneb, propineb, metiram or methyl metiram were 
89 
used for the protection of plants while the thiocarbamates 
of the type RNHC-(sNH)NH2-M(S2CNMe2)2 were used as fungicides 
90 
on tomatoes or apple trees as microbicides and asalgicides • 
Nearly fifty dimethyl dithiocarbamic acid esters were 
synthesized and tested with respect to their herbicidal 
activities. The spraying of tobacco seedlings with dithio-
carbamates gives total protection against the blue mold 
91 / 
(Peronospora tabacina) in the green house . S-(o(,o<-Me2 
92 /— benzyl) n,n-diethyl dithiocarbamate , S- I 3-(1-N, N~dialkyl 
carbamoyl 1,2,4-tria2olyl)_7N, N-dialityl thiocarbamates ' and 
several 3-alkyl isothiouronium salts of N,N-diethyl dithio-
94 
carbamic acid are also used as phytocides. 
In textile industry dialkyl dithiocarbamates are used in 
stabilization and dyeing. Nylon 66-textiles finished with 
(diethyl dithiocarbamate)Na and (2-mercaptobenzothiazole)Na salts 
or (dibutyl dithiocarbamate)p Zn and (2-mercaptobenzothiazole)pZn 
salts showed improved stability towards heat and light -^. 
Further^the dyeability of poly (ethyleneterephthalate) (I) fibres 
was improved by incorporating (Bu2NCS2)2Ni(II) or (Et NCS2)2Zn 
into the polymer. For example^(I) fibres containing 0,3% (II) 
were dyed pink with (XV). The dyed fibre has good light 
96 fastness, sublimation and dry-cleaning resistance • 
14 
(XV) 
2-Carboxyl-methylethyl ^ ' ' 3 - (o ley lamino) propyl_7 
d i th ioca rbamate improves the anti\-/ear and a n t i r u s t p r o p e r t i e s 
97 in l u b r i c a t i n g o i l s and g reases • 
Some d i th ioca rbamates were t e s t e d as poisons on n u c l e i c 
98 
acid raeoabolisra in r a t ' s l i v e r • Zineb caused a s t a t i s t i c a l l y 
s i g n i f i c a n t i n c r e a s e in the weight of the thyro id and a dec rease 
i n the weight of k idneys , adrena l g lands and o v a r i e s . A 
s i m i l a r p i c t u r e was observed in r a t s fed a d i e t con ta in ing maneb, 
captan caused an i n c r e a s e in the weight of k idneys , adrena l 
99 glands and o v a r i e s • 
The e f f e c t of 5 -N,H-d i subs t i tu t ed d i th ioca rbamates on 
spontaneous a c t i v i t y , p e n t e t r a z o l e convuls ions and no rad rena l i ne 
and dopamine b r a i n l e v e l s in mice and on the amphitamine induced 
s t e r eo typy in r a t s was s tud ied • 
it 
Dith iocarbamates a r e a l s o used in r ap id d e t e c t i o n aad 
de te rmina t ion of c e r t a i n elements s p e c t r o p h o t o m e t r i c a i l y . 
Copper and uranium are determined s p e c t r o p h o t o m e t r i c a l l y by 
ZnZ"(Benz)2dtc_^ and 1 -pyr ro l id ine d i th ioca rbamate 
, . , 1oT,102 
r e s p e c t i v e l y . 
In r ecen t y e a r s , t h e r e has been cons ide rab l e i n t e r e s t in 
the s y n t h e s i s of sulphur analogues of n a t u r a l l y occu r r ing 
103 pur ine and pyrimidine bases * 3ome of the compounds proved 
t o be of cons ide rab le i n t e r e s t in the chemotherapy of cance r . 
For example^6-mercaptopurine and 6-methyl mer'captopurine 
were found t o have powerful c l i n i c a l l y use fu l an t i l eukemic 
a c t i v i t y . The pal ladium and p la t inum complexes of 6-mercapto-
lofi pur ine a r e known to des t roy adenocarcinomas , In t h e 
pyr imid ine group, 2 - t h i o u r a c i l was found to produce t r a n s i e n t 
107 improvement in chronic g r a n u l o c y t i c leukemia 
Because of t h e i r use i n the t rea tment of t h y r o t o x i c o s i s , 
2 - t h i o u r a c i l and i t s 6 -a lky l homologues have become wel l known 
108 
and r e a d i l y a v a i l a b l e subs tances • These a r e not only use fu l 
as drugs but a r e some of the b e s t s t a r t i n g m a t e r i a l s a v a i l a b l e 
fo r the s y n t h e s i s of l a r g e v a r i e t y of p y r i m i d i n e s , p u r i n e s and 
109 110 111 
p t e r i d i n e s such as u r a c i l * , c y t o s i n e , 4-hydroxy-
pyr imid ine and t h e i r a l k y l d e r i v a t i v e s ' - ' » ' ' • , 
u 
Early in the his tory of ba rb i tu r i c acid (2 ,4 ,6- t r ihydroxy 
pyrimidine) synthesis , a few of the 2- th iobarb i tu ra tes were 
prepared for the purpose of converting them in to the correspond-
ing oxygen analogues ^~ and to study the i r toxic charac ter . 
120-122 Two separate group of workers , reported independently 
the preparation and pharmacological p roper t i es of a number of 
2 - th iobarb i tu ra tes . They found that these compounds had, in 
general , a rapid onset of action and were destroyed much more 
rapidly in the body than were t he i r oxygen analogues. Because 
of these p roper t i e s , the 2- th iobarb i tu ra tes are proving very 
successful as intravenous anaes the t i c s . 
Diethyl ba rb i tu r i c acid and d ie thyl th iobaxbi tur ic acid 
123 
are used as hypnotics •'^, Lipid peroxide in blood serum can 
124. d i r ec t l y be measured with th iobarb i tu r i c acid , 
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EXPERIMENTAL METHODS 
Several physico-chemical methods are available for 
structure elucidation of coordination compounds. The 
experimental techniques used in the present work are des-
cribed below. 
1. Infrared Spectroscopy 
2. Ultraviolet suid visible (ligsmd field) 
Spectroscopy 
3. Magnetic susceptibility. 
It seems to be quite appropriate therefore, to 
describe these techniques in some detail in the next few 
pages. 
Spectroscopy 
Spectroscopy is a very useful method for the deter-
mination of the structures of molecular compounds. The 
methods based on the absorption of radiation in the visible, 
ultraviolet and infrared ranges are the most important of all 
the instrumental methods of analysis. 
Spectrophotometric method occupies a unique position 
amongst various physical methods employed for the study of 
complex formation. It is more advantageous than other methods, 
in that, it allows the study of coloured complexes formed in 
solution which are not stable enough to permit their isolation. 
If; 
Infrared Spectroscopy 
Infrared spectroscopy i s another useful technique for 
determining the s t ruc ture and coordination s i t e in a complex. 
The infrared region of electromagnetic spectrum extends 
from2.5/tto 15A(4000 to 667 cm" ) . The region from 0.8 to 
2,5/t- (12,400 to 4000 cm ) i s cal led the near infrared 
region and the region from I5 to 200/x.(667 to 50 cm ) i s cal led 
the far infrared region. Either the wavelength (/^) or wave 
number (cm ) i s used to indica te the posi t ion of a given in f ra -
red absorption. 
Infrared absorption spectra are commonly obtained by plac-
ing the sample in one beam of a double beam infrared spectro-
photometer measuring the r e l a t i v e in t ens i ty of transmitted (and 
therefore , absorbed) l i g h t energy versus wavelength (or wave 
number). When the spectrum i s obtained_,a ca l ib ra t ion l i n e i s 
usually recorded on the paper. This I s necessary, because the 
recorder paper f i t t e d on a drum of ordinary spectrophotometer 
i s l i f t e d up. I t i s not possible to place the paper in exactly 
the same posi t ion every time. The sample can be examined as 
gases, so l ids or so lu t ions . The solid can be examined e i ther in 
nujol , hexachlorobutadiene or in KBr. 
Various s t re tch ing and bending v ibra t ions of a bond 
occur a t cer ta in quantized frequencies. When infrared l i gh t of 
l a 
the same frequency i s incident on the molecule, energy i s 
absorbed and the amplitude of that v ibra t ion i s increased. 
When the molecule rever t s from the excited s t a t e to the 
o r ig ina l ground s t a t e , the absorbed energy i s released as 
hea t . 
A non-linear molecule that contains ' n ' atoms has 
•3n-6' possible fundamental v ib ra t iona l modes. Sometimes 
these v ibra t iona l modes are l e s s than the expected number. 
Since the absorption of electromagnetic radia t ion in IR 
region i s possible only when there i s a change in the dipole 
moment of the molecule during the normal v ibra t ion , i f there 
i s no such change , i t wi l l be "infrared inac t ive" . The 
occurrence or non-occurrence of an infrsured rad ia t ion i s 
governed by the following se lec t ion r u l e s . 
1, In order for a molecule to absorb infrared radia t ion 
as v ibra t iona l exci ta t ion energy, there must be a 
change in the dipole moment of the molecule as i t 
v i b r a t e s . 
2. In absorption of r ad ia t ion , only t r an s i t i ons for which 
change in the v ibra t iona l energy level isAV« 1, can 
occur. Since most of t h e t rans i t ions w i l l occur from 
the s t a t e VQ to V^, the frequency corresponding to 
t h i s energy i s called the fundamental frequency. 
20 
In view of the restriction due to dipole moment, infra-
red spectrum of a molecule is not its complete "fingerprint", 
and "Raman spectroscopy" is used for the purpose. It is a 
complementary technique to IR spectroscopy and deals with the 
vibrations which may not be "infrared active". In the Raman 
effect, the light scattered by the molecule contains frequen-
cies other than that of the incident monochromatic light and 
differences between these frequencies and the frequency of the 
incident light correspond to normal vibrations. 
The frequency of certain groups of atoms is called 
"group frequency". These frequencies are characteristic of 
the groups, irrespective of the nature of the molecule in which 
these groups are attached. The absence of any band in the 
appropriate region indicates the absence of that particular 
group in the molecule. In the following paragraphs the charac-
teristic frequencies which are appropriate for the discussion 
of the compounds described in this work will be given. 
N-H Stretching Vibrations 
The N-H s t re tching v ib ra t ions occur in the region 
3500-3300 cm* in d i l u t e so lu t ions^^ . Dilute solut ions of 
primary amines in non-polar solvents give two absorption bands 
in t h i s region. The f i r s t which i s due to symmetric s t re tch 
2i 
_1 
is usually found near 3500cm and the second which arises 
from the corresponding symmetrical mode is found near 3400cm . 
The position and intensity of both these bands are sensitive 
to substitution. Secondary amines show only a single N-H 
stretching absorption in dilute solution in the above mentioned 
region. The intensity and frequency of W-H stretching vibra-
tions of secondary amines are very sensitive to structural 
changes. The ^ (N-K) is found in the range 3350-3310cm 
(low intensity) in aliphatic secondary amines, and near 3490cm 
(much higher intensity) in heterocyclic secondary amines such 
as pyrrole and indole. Fluorine substitution generally seems 
to enhance the intensity of the band. Ring strain seems to 
have little effect on W-H stretching vibration as can be seen 
by the values of ethyleneimine (3367-3341 cm" ) and dimethyl-
amine (3384cm ). 
The W-H stretching absorption shifts to lower values 
in the solid state due to extensive hydrogen bonding. At very 
low concentration pyrrolidine shows a band at 3367cm due to 
1 pg 
the monomeric N-H stretching frequency , As the concentra-
tion increases, a new band appears at 3268cm due to inter-
molecular association (N-H...N bonding). The intensity of the 
low frequency band increases with increasing concentration until 
complete association occurs in the liquid state. Hydrogen bond-
127 
xng is very common in ureas and thioureas . In concentrated 
solutions of thioureas in CCl. and CHC1_ two to four bands in 
4 3 
(•I fr* 
_1 
the 3500-3000cm region are present . The highest frequency 
band i s much sharper than any of the other bands, the broad-
ness of which can reach up to 200 cm , Fur ther , the molar 
ext inct ion coeff icient of the highest frequency band increases 
with decreasing concentrat ion, the trend being opposite for the 
other bands. In very d i l u t e solut ions only the highest energy 
band i s v i s i b l e . In the spectra of so l ids , however, there i s 
always a strong, broad band together with weaker and narrower 
bands on the lower frequency s ide . This suggests a strongly 
associated condition for th ioureas in the so l id s t a t e . 
Valuable information has been obtained on the s t ruc ture 
and tautomerism of many heterocycl ic molecules and the i r subs t i -
tuted der iva t ives from a study of the N-H s t r e t ch ing absorption. 
Theo<- andy-mercaptopyrimidines and other mercapto-aza-aromatic 
compounds exis t in the thiono form, both in the solid s t a t e and 
1 ?8 in solvents of low po la r i ty . In the sol id s t a t e a weak band 
-1 
in the range 3l60-3l90cm i s considered as an evidence for the 
presence of -NH group. In solution a broad band i s found in the 
-1 
range 3350-5420cm due to N-H s t r e t c h i n g in unas soc i a t ed mole-
c u l e s (WeaJker bands a l s o appear a t lower f r e q u e n c i e s , due t o 
a s soc i a t ed molecu le s ) . The IR s p e c t r a of 2 - and 4 -hydroxypyr i -
midines in the s o l i d s t a t e and in chloroform s o l u t i o n g ive absorp-
t ion bands due t o N-H s t r e t c h i n g v i b r a t i o n s , i n d i c a t i n g t h e i r 
1 PQ 
e x i s t e n c e in the t au tomer ic keto form ^ , However, aminopyrimi-
d i n e s , g e n e r a l l y , e x i s t in the non- tau tomer ic form, and in 
lion (CH 
130,131 
solutio HCl,, CCl^), give two bands characteristic of amino 
group 
23 
N-H Deformation Vibrations -
For the deformation frequencies of the -NHp group in 
primary amines four characteristic peaks should appear, but the 
only definite assignment has been done in the case of scissor-
1I32 
ing vibration, generally observed in the region 1650-1590 cffi"' . 
The lower frequency deformation vibrations of the -NHp group 
have not been investigated in detail, fhe NHg twisting, wagging 
and torsional vibrations in methylamine have, however, been 
-1 
assigned to 1455, 780 and 264 cm , respec t ive ly . Secondary 
a l i pha t i c amines show an extremely weak band in the range 
1650-1550 cm due to N-H deformation v ibra t ion and i t i s d i f f i -
^cult to detect t h i s band read i ly . The assignment of t h i s v ibra-
t ion i s very d i f f i cu l t in the case of aromatic amines because of 
the presence of aromatic r ing v ibra t ions in t h i s region. 
C-H Stretching Vibrations -
These v ibra t ions are usually observed in the 3IOO-3OOO cm 
1 Pfi '^^ 
region in carbocyclic systems . Some aromatic compounds give 
r i s e to three bands near 3038 cm" . Pyridine shows C-H absorp-
t ion in the range 307O-3O2O cm which appear as a se r i e s of 
mult iple absorptions under high resolu t ion • In pyrimidines 
t h i s band i s observed near 3050 cm~\ A weak band i s observed 
in the case of t r i s u b s t i t u t e d pyrimidines, since only one free 
r ing hydrogai atom i s present . This band i s absent in t e t r a -
subst i tu ted pyrimidines. 
24 
C-H in-plane and out-of-plane Deformation Vibrations 
A number of c h a r a c t e r i s t i c absorption bands in the 
region 1250-1000 cm , exhibited by most heterocycl ic compounds 
are a t t r ibu ted to C-H in-plane deformation and the r ing b rea th -
1 ?fi ing modes . In diazenes these bands are observed in the range 
-1I34 -1 
1239-1021 cm . Bands appearing in the region 900-700 cm 
have been a t t r ibu ted to the C-H out-of-plane deformation v ib ra -
t ions amd the posi t ion of these bands depends on the number of 
free hydrogen atoms adjacent to one another. 
C = M Stretching Vibrations 
A band of var iable i n t ens i ty in the region 1690-1640 cm" 
i s a t t r ibu ted to C=N s t r e t ch ing v ibra t ions in open chain systems 
or in non-conjugated r ing systems "^-^^ With conjugated cycl ic 
systems the posi t ion i s much l e s s clear,- and the C = N absorption 
bands have been assigned as being within the range 1660-H80 cm • 
In cycl ic compounds and cycl ic materials^without i n t e rna l conju-
gation^the C = N absorption i s assigned to the 1650 cm" region. 
The C*N absorption band occurs near 1667 cm" in oxazines, oxa-
zo l ines , oximes and amines. However, the C = N absorption bands 
are d i f f i c u l t to identify for two reasons, f i r s t l y owing to the 
considerable changes in i n t e n s i t y which follow changes in i t s 
environment, and secondly because information avai lable on the 
effects of conjugation in r ing systems i s often conf l ic t ing and 
indec i s ive . 
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C -N Stretching Vibrations 
The C=N s t re tch ing absorptions give r i s e to strong bands 
-1 12*5 
in the region 1360-1250 cm in aromatic amines '^. In a l ipha-
t i c amines the absorptions axe in the 1220-1020 cm range and 
are often of low i n t r i n s i c i n t e n s i t y . In aromatic primary 
- 1 
amines there i s one band in the region 1340-1250 cm but in 
secondary amines two bands have been observed in the region 
- 1 - 1 
1350-1280 cm and 1280-1230 cm . The pos i t ion of C-N absorp-
t ion does not d i f fer much from C - C absorption but the in t ens i ty 
i s r e l a t ive ly large because of C""N p o l a r i t y . 
Ring Stretching Vibrations 
Character is t ic aromatic r ing v ib ra t i ons appear in the 
_ l l 2 6 
range 1600-1350 cm in most of the heterocycl ic compounds. 
The posi t ion and in t ens i ty of these v ib ra t ions are dependent on 
the nature of the r ing and type of s u b s t i t u t i o n . Six membered 
r ings show four bands around 1605, 1575, HBO, and I43O cm" , 
whereas 5- membered r ings show three bands around 1590, I49O and 
-1 
I4OO cm . The i n t o a s i t i e s of these bands give an idea of the 
pa t te rn and nature of subs t i tu t ion in the r i n g . Thus, in 4-
subs t i tu ted pyridine-1-oxides and 3-subs t i tu ted pyridines the 
in tens i ty of the band around I6O5 cm" i s high for both electror 
withdrawing and electron-donating subs t i t uen t s , whereas, in the 
2ii 
case of 2- and 4- substituted pyridines and 3-substituted 
pyridine-1-oxides, the intensity is h i ^ with electron donor 
groups and low with electron acceptor groups. The intensity 
-1 
of the band at around 1575cm also shows similar variations 
with substitution. The electron donating substituents increase 
the intensity of the band at around I48O cm , whereas the band 
near I4.3O cm" is unaffected by the nature of the substituents. 
This particular trend in the change of intensities has been 
explained as being due to the charge disturbances in the molecule. 
The characteristic pattern of absorption of the ring 
stretching vibrations results from the complete interaction of 
the C=C, C=N and/or N=N vibratj-ons (e.g., in 1,2-dia25ine) and 
it is, therefore, very difficult to isolate the different vibra-
tions. This is due to the fact that the lone pair of electrons 
on the nitrogen atom will be able to conjugate with the ring, the 
magnitude of which depends on the coplanarity of the system, these 
vibrations are therefore^sensitive to minor changes in molecular 
geometry and are difficult to distinguish from other vibrations. 
Even though a band of variable intensity in the region 
1660-1630 cm is attributed to C=N stretching in open chain 
o^P-unsaturated compounds, in cyclic conjugated systems the appea-
rance of bands in this region can only be attributed to the ring 
stretching modes. 
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Substi tuted pyrimidines, general ly , show four bands in 
the 1590-1575 cm" region ^^' ^ ^ . The aminopyrimidines 
show a band at about I65O cm which i s probably due to NHg 
deformation mode. The hydroxypyrimidines are also not su i t ab le 
for the development of cor re la t ions for r ing v ibra t ions of t h i s 
type, as they may exis t in the tautomeric keto form in which 
the double bond absorptions of the r ing would be expected to be 
d i f fe ren t from the fully aromatic systems. 
C=0 Stretching Vibrations 
The C=0 s t re tch ing v ib ra t ions of various carbonyl groups 
-1I39 
absorb in the region I9OO-I6OO cm . Carbonyl groups in un-
s t ra ined saturated r ing absorb within the same overal l frequency 
range 1720-1706 cm" . 
The physical s t a t e has a d i r ec t effect on the carbonyl 
frequency. Acetone, for example, absorbs a t 1742 cm in the 
vapour ptjase, whereas in solut ion the frequency l i e s between 
-1 -1 
1728 cm and 1718 cm , depending on the solvent . Similar ly, 
dodecyl kstone absorbs a t 1740 cm" in the vapour s t a t e and 
between 1724 cm" and 1717 cm in so lu t ion . I t i s probable that 
some form of dipolar associat ion i s occurring in the condensed 
phase r e su l t ing in a low frequency sh i f t of the order of 20 cm" • 
When intramolecular hydrogen bonds are formed, the carbonyl 
absorption bands may be lowered by about 50 cm according to 
2 0 
1"59 hydrogen bond s t r e n g t h •^^. 1-Hydroxyanthraquinone shows two 
-1 -1 
C=0 bands at 1680-1675cm and 1630-1622cm , cor responding 
to f r e e and bonded carbonyl g roups . With two hydroxyl groups 
a t each of the P - p o s i t i o n s , only one band i s shown a t 
1639-1623cm , wh i l s t in the extreme case of 1 , 4 , 5 , 8 - t e t r a -
_1 
hydroxyanthraquinone the carbonyl frequency f a l l s t o 1595cm , 
_1 
S i m i l a r l y , fumaric acid absorbs a t 1680cm , in c o n t r a s t t o 
the normal value of 1705cm in maleic a c id , S a l y c i l i c acid 
_ - ) 
absorbs a t 1655cm which i s comparable with the s h i f t s 
exper ienced in the case of the c?<-hydroxy-o<,P-unsaturated 
k e t o n e s . 3-Amino-2-naphthoic ac id absorbs a t 1665cm . 
Al l amides show a s t r ong absorp t ion band nea r 1640cm"" 
1 /10 
when examined in the s o l i d s t a t e . The f ac t t h a t the abso r -
p t i o n i s a t an apprec iab ly lower frequency than the carbonyl 
abso rp t ion of normal ke tones , must be due t o the e f f ec t of 
resonance with the i o n i c form. Th i s i s enhanced by t h e s t rong 
a s s o c i a t i o n e f f e c t s in the so l i d s t a t e , and the cor responding 
vapours absorb a t cons iderab ly h ighe r f r e q u e n c i e s . 
In f ra red s p e c t r a l work ^ * •* - ^« j^^g 5^0^^ ^hat a l a r g e 
number of o^-and Y-hydroxy -aza -a roma t i c d e r i v a t i v e s a re amides 
both in so l id s t a t e and in s o l u t i o n , A very s t rong band in the 
range 1620-I750cm shows the p resence of a C=0 group . 
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2-Hydroxypyrimidine and the 4-isomer in the sol id s t a t e and in 
solution show absorption bands in the I6OO-I7OO cm" region which 
have no counterpart in the spectra of the methoxy der iva t ives 
and must be due to the C=0 bond s t re tching v ib ra t ions . Thus 
these compounds in the s t a t e s examined»exist predominantly in 
the amide form. 
C=S Stretching Vibration 
The iden t i f i ca t ion of the posi t ion of the C=S absorption 
has been a matter of some d i f f i c u l t y . In carbon disulphide the 
-1 -1 
C=S s t re tch ing modes have been assigned to 1522 cm and 650 cm , 
- I H 8 
whilst in carbonyl sulphide i t i s given at 859 cm • These 
are imusual cases in which the carbon i s doubly unsaturated, and 
they do not offer any guidance to the l ike ly posi t ion of the C=S 
vibra t ion in saturated thioureas and similair compounds. Pre l imi-
nary Calculat ions indicated that the r a t i o C=0/ C=S would be 
about 1,5 and that the C=s frequency would be found in the 
I2OO-IO5O cm region. Just as i s the case with the carbonyl 
group, the C=S absorption i s found to be sens i t ive to the nature 
of the surrounding s t ructure but the r e l a t i v e effects of various 
subs t i tuen t s are not always the same, and the r a t i o between the 
carbonyl and thiocarbonyl frequencies var ies over the range 
1,6 to 1,14. 
3y 
Systematic correlations of ohe available data on thio-
carbonyl stretching frequency indicate that when it is unambi-
guously identifiable, e.g., in (-CH=CH-)p C=S and -CS-SR deri-
-1149,150 
vatives, it is at 1150+70 cm . However, in some mole-
cules, notably thioamides and thioureas^the thiocarbonyl stret-
ching frequency is uncertain, as there is complete mixing bet-
ween the C=S stretching mode and other vibrations of similar 
151 152 frequencies . This frequency is hardly susceptible to 
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polar effects. It has been calculated that the C=S stretching 
- 1 
frequency in thioformaldehydu should be 1120 + 40 cm , v/hilo 
-1 
in thiocarbonyl chloride i t i s at II4O cm . By con t ras t , the 
carbonyl s t re tching frequency in carbonyl chloride (1827 cm ) 
i s considerably higher than that in formaldehyde (1744 cm" ) , 
Presence of thiocairbonyl s t re tch ing frequency in mercapto 
compounds, provides a d i rec t evidence for the i r existence in the 
128 thioamide form. Spinner observed an intense band in the range 
1100-1190 cm , in several o(- and y'-mercaptoaza-aromatic 
compounds, a t t r i bu t ab l e to C=s s t re tch ing frequency ind ica t ing 
them to be in the thioamide form. 
There has been great uncertainty with regard to the 
assignment of the C=S s t re tch ing frequency in nitrogen containing 
compounds and the assignments in these compounds vary in the wide 
-1I54 155 
range of 850-1570 cm . Elmore -^ -^  has shown that the band 
t) i 
which i s generally assigned to C=S s t re tch ing vibrat ion in such 
compounds r e s u l t s from the coupling of the C-N and C=S s t r e t c h -
ing v ib ra t ions , Normal coordinate analysis of N-methylthiofor-
mamide, W-methylthioacetamide, N,N'-dimethylthiourea and t e t r a -
methylthiourea ' shows clear evidence for v ibra t ional mix-
ing in obese compounds. In secondary thioamides the bands with 
considerable oonuribui.lon from the C=S s t re tching vibra t ion are 
found in the region 870-700 cm . Thxs i s considerably lower 
than in simple thiocarbonyl compounds, where the C=S vibra t ion 
_1 
i s loca l i zed . In thiourea, two bands in the region 1080-730 cm 
are fouad to have appreciable contribution from the C=S s t r e t c h -
151 157 -1 
ing vibration » Suzuki' s calculations show that the 843cm 
band for HCSNHo correspond to an almost pure C=S made and the 
intrinsic frequency of the C=S vibrations vary from 900 to 850cm , 
156 Gosavi et al, performed a normal coordinate analysis onN,N'-
dimethylthiourea and tetramethylthiourea and assigned various 
mixed C=S stretching frequency bands. The mixed vibration bands 
of N,N*-dimethylthiourea have the contribution from C=S stretch-
-1 - 1 - 1 
ing v ibra t ions as : I504 cm , 10^; U20 cm , 18?5 and 752 cm , 
83^ . Similarly, in tetramethylthiourea the contribution from C=S 
-1 -1 
s t re tch ing vibra t ions i s a s : I4O8 cm , 25;^; 1013 cm , 5OJ6; 
- 1 - 1 
990 cm , 50?S and 462 cm , 37%. Since the force constants f„„ 
suid fQ3 are quite s imilar , the major contr ibut ions from C-N and 
C=S vibra t ions are found in the bands which are qui te close to 
< 5 i l 
each other ( e . g . , 850 and 752 cm" in N-N'-dimethylthiourea). 
The mixed vibrat ion bands are in the regions of so-called 
>N-C=S b a n d s ^ ^ . 
C-S Stretching Vibrations 
The C-S s t re tching frequency generally appear as a band 
of weak or moderate in tens i ty in the range 720-570 cm . In the 
Rajnan spectra t h i s band i s very strong. There appears to be a 
progressive decrease in the frequency in the order: primary, 
secondary and t e r t i a r y C-S. In aromatic der ivat ives the C-S 
frequency i s found towards the top of th i s range and some d i f f i -
culty i s experienced in recognizing the C-S frequency due to the 
presence of the intense CH out-of-plane deformation band in t h i s 
region. In phenyl sulphonyl hal ides the C-S vibrat ion i s foimd 
between 715 and 706 cm . In organic thiocyanate i t appears in 
the region 740-680 cm , In th ioke to l s , broad bands with several 
maxima are found probably due to v ibra t iona l coupling. 
M-S Stretching Vibrations 
The metal sulphur s t r e t ch ing frequency i s of pa r t i cu l a r 
i n t e r e s t as i t gives a d i r ec t evidence for coordination t h r o u ^ 
the sulphur atom. I t appears in the low frequency region v i z , 
-1 159 
480 to 210 cm range , In many instances two bands are observ-
ed: one of medium to strong i n t e n s i t y , and a weaker band at a 
O'J 
frequency 10 to 40 cm lower than the stronger band. The 
frequencies )) (Pd-S) and V (Pt-S) for a large number of comp-
-1 
lexes appear within the range 400-280 cm • 
M-N Stretching Vibrations 
The M-N s t re tching frequency i s of pa r t i cu l a r i n t e r e s t 
since i t provides d i rec t information regarding the coordinate 
bond. I t appears in the low frequency region (from 600 to 
below 200 cm ) , The M-N s t r e t ch ing frequency depends on the 
following fac tors : 
1. Mass of the metal and l igand, 
2. Oxidation number of metgil ion, 
3. Coordination number of metal ion, 
4 . Geometry of the complex, 
5. Basici ty of the ligand molecule, 
6. Bridging or non-bridging anions, 
7» Ligand-field s t a b i l i z a t i o n energy. 
For unidentate amines ")) (M-N) occurs usually within the 
range 500-370 cm , while for pyridine complexes i t occurs in 
the range 287 to below 200 cm , In a chelate complex i t i s 
often impossible to identify V (M-N) with any ce r t a in ty . 
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M-X Stretching Vibrations 
The most widely invest igated and probably the best 
understood aspect of the work on M-X (Metal-halogen) v ibra -
t ions i s that on metal-chlorine systems and to a l esse r 
extent , metad-bromine and metal-iodine systems. Most of these 
frequencies l i e below 4OO cm region. Metal-halogen s t r e t ch -
ing frequencies generally increase as the oxidation number of 
the metal increases . This might be expected on the grounds 
tha t , the greater the pos i t ive charge on the metal (M) ion, the 
nearer the negative hal ide (X) ion can approach aad the more i t 
wi l l be polarized, thus leading to greater covalent character 
of the M-X bond. From a study of the complexes of the type 
^~M(III) -Q^X^J'" ClO^ and M(Il) D^Cl^ /•'M=Fe, Ru, Te, Os, Re; 
D = 0-phenyline-bis dimethyl a r s i n e , / . Lewis et a l , have 
observed antisymmetric metal-chlorine s t re tching frequencies at 
373, 349 cm~^; 340, 316 cm"^; 343, 304 cm"^ 322, 288 cm 'S 
325; 279 cm respect ively , suggesting that the metal-halogen 
s t r e t ch ing frequencies increase as the oxidation number of the 
metal inc reases . 
161 Woodward and Taylor have measured the t o t a l l y symmet-
— 1 ? 
r i c s t re tch ing frequencies for InCl. (321 cm ) ; inClK 
—1 "?- 1 
(295 cm ) ; InCl | (275 cm" ) , suggesting that for a given 
6'i 
oxidation s t a t e of a metal, the metal-halogen s t re tch ing 
frequencies decrease as the coordination number of the metal 
ion increases . 
The mass of the metal M, also influence the metal-
halogen v ibra t ions , as the mass M increases , the s t re tch ing 
frequencies wil l tend to decrease. In the complexes of the 
type M(II)D2C12 /" i tS 'e , Ru, Os_7, the Fe-Cl, Ru-Cl, Os-Cl 
s t re tch ing modes were observed at 549, 516, 288 cm respec-
t i ve ly , suggest that there i s a decrease in the M-Cl 
s t re tch ing frequency (cm" ) , on passing down the group. In 
square plannar Rh(l) and I r ( I ) complexes, Rh(C0)Cl(PPh_)2 and 
Ir(CO)Cl(PPh^)p> Rh-Cl and Ir—CI stretching modes observed 
- 1 -1 - 1 
at 309 cm and a pair at 517 cm and 3II cm , respec t ive ly , 
suggesting that some bond strengthening might occur on passing 
1 fip from Rh to I r in these systems • 
The effect of d i f fe ren t l igands , on the M-X s t re tch ing 
frequencies in various Rh(I) auid I r ( l ) halogen complexes has 
I62 been invest igated by Bennett and co-workers , together with 
octahedral complexes of Rh(II I ) and I r ( I I l ) , I t was foxind that 
the M-X s t re tching frequencies were mainly dependent on the 
l igand in the t rans pos i t ion to the M-X bond. 
In the halogen bridged molecules of the type Mp^ fi* ^^ 
which the metal atoms have a square planar configurat ion, four 
6 it 
s t re tching modes mainly associated with the terminal M-X group 
are observed. The best loiown examples of ions of t h i s type 
are the Z"^*2^6- ~ ^ ^ Z~^^2^6- " systems, where X= CI, Br 
and I . Adams et a l , have analysed the infrared spectra of 
the system and on rough ca lcu la t ion , found that M-Cl bridge 
bond s t re tching force constants ranged from 75-100^ of those 
for the terminal ones. I t has been suggested by Adams and 
Churchill t ha t , in the square planar systems, the sharing 
of an edge r e s u l t s in l i t t l e d i s t o r t i o n of the metal-metal 
d i s tance , whereas i f the two te t rahedra share an edge the 
metal atoms are brought more closely together v/hich leads to 
on e l e c t r o s t a t i c repulsion and a consequent lengthening of 
the bridge bonds. 
The complexes KCuCl,, NH.CuCl, and LiCuCl,.2H„0 contain 
the planar / Cu2Clg_/ ion. Adams and Lock "^  have assigned 
the terminal bridging halogen frequencies in these species and 
found that the two terminal modes l i e very close to each o ther . 
In the complex Cu^X. /"pyridine-1-oxide 7, the four halogens 
^ '^ - -2 
are a l l in terminal pos i t ion , the copper atoms being bridged 
by the pyridine-1-oxide molecule. In t h i s complex a single band 
-1 -1 
at 315cm with a shoulder at 325cm must be due to the 
terminal Cu-Cl s t re tch ing frequency. This strongly supports the 
mm O 
assignments of the higher frequency band in Z ^"p^^e-^ " *° 
the Cu-Cl terminal s t re tch^^^. 
-} 3 ; 
Ultraviolet and Visible (Ligand Field) Spectra 
Most of the compounds absorb light somewhere in the 
spectral region between 200-100 nm. These transitions corres-
pond to the excitation of electrons of molecules from the ground 
state to higher electronic states while the ultraviolet and 
visible spectra of organic molecules have been extensively 
studied, the application of ligand field spectra to coordina-
tion chemistry has come into fashion relatively recently. 
In a transition metal, all the five d orbitals e.g., dxy, 
2 2 2 
dyz, dxz, dz , and dx - y ary degenerate. However, in coordi-
nation compounds due to the presence of ligand, this degeneracy 
is lifted up and d orbitals split into two groups, called t^ 
2 2 2' (dxy, dyz and dxz) and eg (dz and dx -y Jf in an octahedral 
field and t aiid e in a tetrahedral field. The set of t^ 
2g 
orbitals goes below and the set of e^ orbitals goes above the 
original level of the degenerate orbitals in an octahedral complex. 
In the case of the tetrahedral complexes the position of the two 
sets of orbitals is reversed, the e going below and t going above 
the original degenerate level. 
When a molecule absorbs energy equal in magnitude to 'hi) ' 
(where h is the Planck's constant, and 2) is the frequency of the 
radiation) which is sufficient to cause electronic transitions, 
the electrons are excited from the ground to the excited state. 
u 
In order to in te rp re t the spectra of t r ans i t ion metal complexes, 
the device of energy level diagram based on "Russel Saunder*s 
Scheme" i s used, 'fhis has the effect of s p l i t i n g the highly 
degenerate configurations in to groups of energy leve l s having 
lower degeneracies known as "Terra Symbols". The o rb i t a l • 
angular momentum of e lectrons in a f i l l e d shel l vec to r ia l ly adds 
up to zero. The colal o rb i t a l angular momentiOiii of an incomplete 
d she l l e lect rons i s obtained by adding L value of the individual 
e lec t rons , which are t reated as a vector with the component mL 
in the d i rec t ion of the applied f i e l d . Thus, the t o t a l spin 
L = £ m L i = 0 1 2 5 4 5 6 
S P D F G H I 
angular momentum of S = ^ Si where Si is the value of spin angu-
lar momentum of the individual electrons. S has a degeneracy r, 
equal to 2S + 1 which is also known as "spin multiplicity". Thus 
a term is finally denoted as 'V^ * ^or example, if S = 1 and L = 1 
the term will be P and similarly if S = 1^ and L = 3 the term 
will be ^ i> 
In general the terms arising from a d configuration are 
as follows: 
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d^ ci5 % 
^ dS h , ' P , ^G. ^D. ^S 
d' i'' ^F, S . \ h , % , 2D(2>. 2p 
d'^  d^ \ , \ , ' o , Mi), ' D , ' P ( 2 ) , 4 , ^0(2), ^P, ^0(2), ^S{2) 
d^ S , *G, *F, "^ D, '^P, ^ I , ^H, 2o(2), 2p(2), 2 D ( 5 ) , 2p_ 2^^ 
Coupling of L and S also occurs, because both L and S 
i f non-zero, generate magnetic f i e l d s and tend to o r i en ta t e 
the i r moments with respect to each other, in the d i rec t ion 
where t he i r in te rac t ion energy i s l e a s t . This coupling i s 
known as "LS coupling" and gives r i s e to a r e su l t an t angular 
momentum denoted by the quantum number J which may have quant i -
zed pos i t ive values L + S up to L-S e . g . , in cases of P (L = l , 
S=1) and F (L = 5 , S = H ) possible values of J represent ing 
s t a t e s a r i s ing from term s p l i t t i n g are 2, 1 and 0 and 4 i , 3 i , 2 | -
and I t respec t ive ly . Each s t a t e specified by J i s 2J+1 fold 
degenerate. The to t a l number of s t a t e s obtained from a term 
i s ca l led the multiplet and each value of J associated with a 
given value called a component, spect ra l t r ans i t ion due to spin 
orbit coupling in atom or ion occur between the components of 
two d i f f e r o i t mul t ip le t s . While LScoupl ing scheme i s used, 
for the elements having atomic number l e s s than 30, in whose 
case spin orb i ta l i n t e rac t ions are r e l a t i v e l y small, another 
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scheme called "JJ coupling scheme" is used when spin orbital 
interactions are larger and electron repulsion parameters 
decrease. The spin angular momentum of an individual electron 
couples with its orbital momentum to give an individual J for 
that electron. The individual J'S couple to produce a resul-
tant J for the atom. The electronic transitions taking place 
in an atom or ion are governed by certain "Selection Rules" 
which are as follows: 
1. Transition between states of different multiplicity are 
forbidden. 
2. Transition involving the excitation of more than one elec-
tron are forbidden. 
'5. In a molecule, which has a centre of symmetry, transition 
between two gerade or two ungerade states are forbidden. 
4 
The groiind terra of a d system is the one which has the 
highest spin multiplicity and the highest L value. All the 
terms of a given system further split in the presence of a ligand 
field. Interelectronic repulsions within a configuration give 
the energies of the terms above the ground term. The energies 
are function of two parameters related to the electron repul-
sion. The two parameters ma^ be chosen in either the way of 
Condon and Shortley (Fp and F ) or in that of Racah (B and C) for 
d orbital electrons. For the first transition series ions value 
of C/B is around 4.0 and B is about 1000 cm . It is possible 
4.L 
to examine the effects of c rys ta l f ie ld on a polyelectron 
configurat ion. The ligand f ie ld s p l i t t i n g due to cubic f i e ld 
can be obtained by considerat ions of group theory. I t has 
been shown that an S s t a t e remains unchanged, B s t a t e does 
not s p l i t , a D s t a t e s p l i t s in to two and F s t a t e in to three 
and a G s t a t e in to four s t a t e s as tabulated below. This holds 
for an octahedral^O, as well as for T^ symmetry. 
s 
p 
D 
F 
G 
^ 
^1 
E + Tg 
^2 -^  ^1 * ^2 
A^  + E -»• T^  + Tg 
In weak crys ta l f i e lds the i n t e r e l ec t ron i c repulsions 
are l a rge r . The crys ta l f ie ld may however, be of comparable 
magnitude (medium strength) or i t may be la rger than the in te r -
e lec t ronic repuls ion. 
Diagram for free ion (weak f i e ld ) strong f ie ld configu-
1 9 
ra t ion from d to d for both octaihedral and tetraJbedral cases 
are ava i l ab le . In addit ion to the q u a l i t a t i v e aspects of tran-
s i t ion from weak to strong c rys ta l f i e lds i t i s also necessary 
to have quant i ta t ive r e s u l t s ava i lab le for the i n t e rp r e t a t i on 
of spect ra . The so called Tanabe-Sugano diagrams make i t 
r> Cy, 
possible. In these diagrams, the energies of the levels of a 
d'^  system as E/B are plotted as the vertical coordinate and the 
crystal field strength in the form of D /B as the horizontal 
coordinate. This diagram requires two parameters B and C for 
the interelectronic repulsions. It can be drawn only if the 
ratio C/B is specified. 
Transition from the ground state to the excited state 
occur according to selection rules described earlier. The energy 
level order of the states arising from the splitting of a term 
state for a particular ion in an octahedral field is the reverse 
of that for this ion in a tetrahedral field. 
Sometimes due to transfer of charge from ligand to metal 
or metal to ligand, bands appear in the ultraviolet re.c^ ion of the 
spectrum. Such spectra are known as "charge transfer spectra". 
For metal complexes there are often possibilities that charge 
transfer spectra extend into the visible region to obscure d-d 
transition. However, these should be clearly discerned from the 
ligand band which miglit also occur in the same region. 
Magnetic Susceptibility 
The most rewarding application of magneto-chemistry is 
one which deals with the coordination compounds. This is because 
the more important aspects of magneto-chemistry are concerned 
3 
with the effects arising from the incomplete shells of elec-
trons, isolated from each other and these conditions are ful-
filled by the complex compounds of transition elements. 
There are several kinds of magnetism in substances viz., 
paramagnetism, diamagnetism and ferromagnetism or antiferro-
magnetism. The magnetic effects arising from the spin angular 
momentum and orbital angular momentum of the electrons give rise 
to paramagnetism. Most of the compounds of the transition 
elements are paramagnetic. Diamagnetism is attributable to the 
closed shell electrons with an applied magnetic field. In the 
closed shell the electron spin moment auid orbital moment of 
individual electrons balance one another such that there is no 
magnetic moment. Perromagnetism and antiferromagnetism arises 
as a result of interaction between dipoles of neighbouring atoms. 
The magnetic moment of a single electron is given by: 
•^S (in BM) = g /S(S+1) (i) 
Where S is the spin quantum number and g is the gyromagnetic 
ratio or g factor, andySCS+l) is the value of the angular momen-
tum of the electron. Thus g is the ratio of the magnetic moment 
of one electron. Generally the experimental effective magnetic 
moment of electron is higher than the spin magnetic moment of the 
electron. This is because the orbital motion of the electron 
also makes a contribution to the moment. 
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For Mn(II), F e ( I I ) , Gd(II) and other ions whose ground 
s t a t e i s an S s t a t e , there i s no o rb i t a l angular momentum even 
in the free ion. Hence^there cannot be any o rb i t a l contr ibu-
tion to the magnetic moment, and the spin only formula mentioned 
above (1) i s used. In genersil, however, the t r ans i t i on metal 
ions in D or F ground s t a t e s , possess o rb i t a l ang^llar momentum, 
^ave machanics show that for such ions , i f the o rb i t a l motion 
makes i t s fu l l contribution to the magnetic moment then^ 
M S "»• L = /4S(S+1) + L(L+1) ( i i ) 
where L is the orbital angular momentum quantum number of the 
ion. 
The magnetic moments are not measured directly, therefore 
one measures the magnetic susceptibility of a material from 
which it is possible to calculate the magnetic moment of the 
paramagnetic ion or atom. 
If a substance is placed in a magnetic field of magnitude 
H, the flux B, within the substance is given by: 
B = H + 4 A I (iii) 
where I i s the in tens i ty of magnetization, the r a t i o B/H i s 
ca l led the magnetic permeability of the mater ial and i s given by: 
B / H = 1 + 4 A ( V H ) = 1 + 4 A K ( iv ) 
K is called the magnetic susceptibility per unit volume or volume 
') 
suscep t ib i l i t y , B/H i s the r a t i o of the density of l i n e s of 
force within the substance to the density of such l i n e s in 
the same region in the absence of the sample. Thus the volume 
suscep t ib i l i ty of a vacuuifi i s by def in i t ion 7.erOj since in 
vacuum i t muct be that B/H = 1. 
Conventionally instead of volume suscep t ib i l i t y gram 
suscep t ib i l i ty ( ^g) i s used where magnetic suscep t ib i l i t y i s 
considered on weignt oas i s . Xg when u'uit iplied by trie mole-
cular weight of the complex and corrected for diamagnetic 
values gives r i s e to XM . TheJU.^^ value i s calculate 
from, the Xh by the following expression: 
-^eff " 2 ' ^ ^ y (•^^^^^°'"'" ^ '^ > B.i^ J. (v) 
where T is the absolute temperature at which tiie experiment is 
performed. 
Magnetic susceptibility may or may not be dependent on 
the temperature is given by the Curie Law: 
X MC°^^ = C/T 
where C is a constant called Curie constant. 
In general, however, deviations are found and H ^„ value 
depends on temperature, within a certain limit of temperature 
4G 
range {20-40°K). The dependence of X M *^^ ^^  / T i s given by: 
where ©•= Curie-Weiss constant . 
The pr inc ip le of the methods to measure magnetic suscep-
t i b i l i t v depende upon tile fact tuaL an eleiiient of material 
(dv, dm) experiences a force (dF) along the f ie ld gradient 
(dH/dx) when placed in an inhomogeneous magnetic f i e ld of value 
(H) at the point dv. The force i s given by: 
dF = HkdV. 1^ = Hscdm-4^ dx "^  dx 
There are two ruethods to measure th i s f o r c e - ( i ) Faraday's 
method and a l l i t s va r ia t ions - the force i s measured d i r e c t l y , 
( i i ) Gouy's method and i t s va r i an t , the Quinke method- the 
1 fi7 force i s integrated over a la rge difference in f ie ld gradient 
( i ) Faraday method - The method cons is t s in measuring the forces 
on a given specimen placed in a non-homogeneous magnetic f i e l d . 
In t h i s method only a few milligrams of the sample i s required, 
i 
and a high degree of accuracy is observed in the measurement 
of gram susceptibilities. The sample is so small that the 
force is constant throughout its volume. The force is 
measured by direct weighing of the substance which is sus-
pended from one arm of a sensitive balance. The weight of 
the sample and the standard Hg ^ ~C0(CNS) 7 is determined with 
and without the field. 
The gram susceptibility is calculated using the formula: 
g m 
where A m/m i s the actual p u l l ; K = constant , and i t s value i s 
determined by the formula 
X g for Hg /'C0(CN5)^_7= 16,44 x 10"^ 
Am i s corrected for the diamagnetism of the sample tube. The 
molar suscep t ib i l i ty ( X M ) of the compound i s calculated from 
the gram suscept ib i l i ty by multiplying i t with the molecular 
weight of the compound. The value ofXw af ter correc t ing for 
167 diamagnetism of the l igands i s subst i tu ted in the following 
formula, and effective magnetic moment iJ^ff^ i s c a l cu l a t ed , . 
y^eff = ^'^'^Jx\^^''^ 
where X jd = corrected molar s u s c e p t i b i l i t y . 
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( i i ) Gouy method- The s o l i d complex i s f i ne ly powdered and 
f i l l e d in the Gouy tube very c a r e f u l l y . The tube con t a in ing 
the ma te r i a l under examination i s suspended v e r t i c a l l y between 
the po le s of an e lec t romagne t . The l eng th of the tube i s so 
adjus ted t h a t i t s lower end remained under the in f luence of 
magnetic f i e l d . The weight of the tube c o n t a i n i n g the sample 
i s known with magnet on and off. The Gouy tube i s c a l i b r a t e d 
i t h a s tandard CuS0^.5H20. 
The gram s u s c e p t i b i l i t y i s c a l c u l t e d by the fo l lowing 
formula 
Y = . ^ ^ ^ . 4 ^ . 3Cstd. 
g Wunk A " s t d 
X = gram s u s c e p t i b i l i t y of unknown sample. 
A^unk ~ Change in weight of unknown sample with magnet on 
and off, 
^unk ~ ^^^ight of unknown sample. 
-^^ '^ td ~ Change in weight of s tandard sample with magnet on 
and off. 
Wstd ~ Weight of s tandard sample. 
X s td = gram s u s c e p t i b i l i t y of s tandard sample. 
(5 .92 X 10"^ fo r CuSO.). 
Aw c o r r e c t e d = •^ W (sample + tube) - Aw (empty t u b e ) . 
CHAPTER-III 
PIPERAZINE DITHIOCARBAMATE AND 
PIPERAZINE BIS-DITHIOCARBAMATE COMPLEXES 
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EXPERIMENTAL 
Techniques used 
The a u t h e n t i c i t y of t h e f i n a l p roduc t s syn thes ized was 
v e r i f i e d by t h e i r mel t ing p o i n t s , e lemental a n a l y s e s , magnetic 
measurements, IR- and e l e c t r o n i c s p e c t r a . 
Elemental ana lyses for carbon, hydrogen and n i t r o g e n 
v/ere done on a Coleman ana lyse r in the m i c r o a n a l y t i c a l l a b o r a -
tory of i:he Chemistry Department a t Aligarh Muslim U n i v e r s i t y , 
Al iga rh , The es t imat ion of m e t a l s , sulphur and halogen were 
done vo lume t r i c a l l y or g r a v i m e t r i c a l l y . For the metal e s t ima-
t i o n , a known amount of complex was decomposea with a mixture 
of n i t r i c - , p e r c h l o r i c - , and s u l p h u r i c a c i d s ; the halogen and 
sulphur were es t imated by fus ing a known amount of the compound 
with fusion mixture (KNO, and KpCO_) in a p la t inum c r u c i b l e . 
The i n f r a r e d - and f a r i n f r a r e d s p e c t r a were recorded in 
KBr and nujo l r e s p e c t i v e l y on a Perkin Elmer 257 (4000-650cm" ) 
and Beckman IR 12 (650-200cm" ) or poly teck FIR 30 (650-IOOcm"'') 
spec t rophotometers a t the Regional S o p h i s t i c a t e d Ins t rumen ta t ion 
Cent re , I . I . T , , Madras. 
Diffuse r e f l e c t a n c e s p e c t r a were recorded on a C a r l - Z e i s s 
VSU-2P spectrophotometer u s ing MgO as c a l i b r a n t in the 
50 
Department of Chemistry, Guru Nanak Dev University, Amritsar, 
The magnetic susceptibility measurements were done 
at room temperature by Faradays* Method in the Department of 
Chemistry, Banaras Hindu University, Varanasi. 
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PIPERAZINE DITHIOCARBAMATE AND PIPERAZINE BIS-DITHIOCARBAMATE 
COMPLEXES 
MATERIALS AND MEIHODS 
Piperazine hexahydrate (E. Merck), was used as such 
without further purification. Carbon disulphide and sodium 
hydroxide used were B.D.H. reagents, Chloroplatinic acid, 
palladium(Il) chloride, rutheniximClII) chloride (Johnson 
Matthey Chemicals Limited), rhodium(IIl) chloride (Koch-Light) 
were used as such. 
Synthesis of sodium piperazine dithiocarbamate (Na.pzdtc.3HgO) 
Sodium piperazine dithiocarbamate was prepared by the 
known method with slight modification • Piperazine hexa-
hydrate, carbon disulphide and sodium hydroxide were taken in 
the molar ratio of 1:1:1, Carbon disulphide was added to 
piperazine dissolved in isopropyl alcohol and ether mixture. 
Sodium hydroxide dissolved in minimum amount of water was added 
dropwise in about four hours time to the above mixture, which 
was vigorously stirred and maintained at 5 C, On the completion 
of the reaction a thick white solid obtained was filtered, 
washed with isopropyl alcohol and ether. It was then dried in 
a vacuum desiccator. 
J4 . 
Ruthenium piperazine dithiocarbamate ^ Ru(pzdtc)2Cl 2A^y 
An alcoholic solut ion of ruthenium(II l ) chloride (Igm) 
was added to an aqueous solution of the ligand (1.4gDi)in 
1:2 molar r a t i o . An orange yellow solid appeared immediately 
a t room temperature. The react ion mixture was digested on a 
water bath for about two hours when the solid se t t l ed down. 
I t was f i l t e r ed and washed several times with water and alcohol 
to remove any excess of the r eac tan t s . I t was f ina l ly washed 
with ether and then dried in vacuo. This sol id could not be 
r ec rys ta l l i zed owing to i t s i n so lub i l i t y in organic solvents 
t r i e d . I t decomposed at 200 C. 
The r e s u l t s of elemental analyses are given in t a b l e 1. 
Rhodium piperazine dithiocarbamate ^"Rh(pzdtc)pC1.2H20_7 
An alcoholic solut ion of rhodium(III) chloride (Igm) was 
added to an aqueous solution of ligand (1.62 gm) in a 1:2 molar 
r a t i o . The r e su l t i ng dark brown solid was f i l t e r e d , washed 
several times with water alcohol and f ina l ly with ether to 
remove the excess of the r eac t an t s . I t could not be r ec rys -
t a l l i z e d due to i t s i n so lub i l i t y in the usual so lvents . I t 
decomposed at 200 C. 
[ > ; ; 
The results of elemental analyses are given in table 1. 
Platinum piperazine dithiocarbamate / Pt(pzdtc).2H20_/ 
This complex was also prepared in the above manner. On 
the addition of the alcoholic solution of chloroplaoinic acid 
(Igmin 100 ml alcohol) to an aqueous solution of the ligand 
(1.8 gra in 200 ml H2O), a yellow solid was obtained atonce. 
The reaction mixtare was warmed on the water-bath for about an 
hour. The solid was filtered and washed with water, alcohol 
and ether. li, was then dried in vacuo. It could not be 
recrystallized due to insolubility in usual organic solvents and 
it decomposed at 200 C. 
The results of elemental analyses are given in table 1. 
Synthesis of sodium piperazine bis-dithiocarbamate (pzdcdt.Nap) 
It was prepared in the same manner as sodium piperazine 
169 dithiocarbamate by a imown method . Piperazine hexahydrate, 
carbon disulphide and sodium hydroxide were taken in 1:2:2 molar 
ratio. Solution of piperazine in isopropyl alcohol and carbon 
disulphide were mixed together and then aqueous solution of sodium 
hydroxide was added dropwise to the above solution in four hours 
time. The reaction mixture was vigorously stirred for twelve 
hours a t room temperature. A c r y s t a l l i n e white sol id formed^ 
was f i l t e r e d , washed with isopropyl alcohol and then dried 
in a vacuum des icca tor . 
Ruthenium piperazine bis-dithiocarbamate ^ Ru(pzdcdt) c;l_/ 
An alcoholic solution of the ligand (1,08 gm in 200 ml 
alcohol) was added to ruthenium t r i ch lo r ide t r ihydra te 
( Igmin 100 ml alcohol) in 1:1 molar r a t i o . A yellowish brown 
sol id appeared at-once was digested on a water-bath for sta 
hour. I t was then thoroughly washed with alcohol and e ther and 
then dried in a vacuo. 
Rhodium piperazine bis-dithiocarbamate / Rh(pzdcdt)_/__/ 
Sodium piperazine bis-dithiocarbamate (2.05 gm in 250 ml 
alcohol) was added to rhodium t r i ch lo r ide (1 gm in 100 ml 
a lcoho l ) , which immediately gave a yellowish orajige so l id . The 
react ion mixture was heated onawater-bath for half an hour. The 
so l id was f i l t e r e d , washed thoroughly with alcohol and dried in 
a vacuo. 
Palladium piperazine bis-di thiocarbamate ^~Pd(pzdcdt)_/ 
A solution of 1 gm of palladium dichlor ide in 500 ml 
alcohol was added to 1.6gmof the ligand in 200 ml of alcohol in 
bii 
a l i i molar r a t i o , which gave a yellow so l id . The complex was 
digested on a water bath for an hour and then f i l t e r e d and 
washed with alcohol and e ther and dried in a vacuo. 
Platinum piperazine bis-dithiocarbamate / Pt(pzdcdt) Clp_7 
This complex was prepared by the same procedure as 
described for palladium complex by adding an alcoholic solution 
of chloropla t in ic acid ( Igmin 100 ml alcohol) to the ligand 
(1.32gm in 200 ml alcohol) in 1:2 molar r a t i o . The lemon 
yellow solid thus obtained was dried in vacuo. 
RESULTS AND DISCUSSION 
All the complexes are fairly stable at room temperature 
o 
and decompose between 200-300 C. Since they are all insoluble 
in water and in common organic solvent their molar conductance 
measurements and recrystallization could not be done. The 
analytical results of these complexes, their colour and melting 
points are given in table 1. These experimental results are 
consistent with the theoretical values. The magnetic measure-
ments and reflectance spectra are recorded in table 2. 
The piperazine molecule has the following structure 
(Fig. XVI) with two equally possible coordination sites viz; 
the two nitrogen atoms in (.he molscales. 
(Fig. XVI) 
O '2 Q C 
Two types of p i p e r a z i n e th iocarbamates a re known, ' 
the p i p e r a z i n e c a r b o d i t h i o a t e (pzd t c ) (F ig . XVII) and 
p i p e r a z i n e d i c a r b o d i t h i o a t e (pzdcd t ) ( P i g . XVIII ) . In the 
former, only one hydrogen atom from one end of the h e t e r o -
c y c l i c r i n g i s s u b s t i t u t e d by a -CSp group, whereas i n the 
l a t t e r two -CSo groups a t both the ends of the h e t e r o c y c l i c 
r i n g a r e s u b s t i t u t e d . 
H-H N - C I © © IC- N N-C< 0 
\ c c / N / \ c 
( F i g . XVII) (F ig . XVIII) 
Although p i p e r a z i n e d i th ioca rbamate complexes of s e v e r a l 
8"^ —Hfi 168—171 
metal ions have been prepared and s t u d i e d , ' the use 
of p i p e r a z i n e b i s - d i t h i o c a r b a m a t e a s a l i gand has been made only 
85 i n the p r e p a r a t i o n of i i i s copper complox . 
bs 
An attempt was made to synthesise these ligands with a 
view to studying their complexes with the second and third row 
transition metals. The analytical composition of the synthe-
sized ligands were confirmed by elemental analyses and their 
IR spectra. 
The piperazine dithiocarbamate ion (pzdtc) has been 
found to act as a uninegative monodentate or bidentate ligand 
while the piperazine bis-dithiocarbamate (pzdcdt) moiety is 
binegative and acts as a quadridentate ligand. 
The infrared spectra of the ligands and the complexes 
have been studied in the region 4000-200 cm" , The important 
frequencies helpful in the structure elucidation of the newly 
synthesized complexes have been reported in table 2. The C —- S 
stretching frequencies in IR spectra of dithiocarbamate complexes 
are very diagnostic in distinguishing whether they are symmetri-
cally or unsymmetrically bound to a metal ion. It is an establi-
shed fact that a doublet in 1000 + 50 cm region indicates the 
~~" 8 1 
presence of an unsymmetrical dialkyldithiocarbamate, while for 
an. unsymmetrical heterocyclic derivative a doublet appears in 
— 1 168 
1000 + 70 cm region . However, for all types of the symmetri-
•1 
cal dithiocarbamates, a single bauad is observed around 1000 cm , 
In the present w®rk we have obtained only one strong band around 
1000 cm assigned to C ^ ^^  S stretching frequency for all the 
S)9 
complexes s tudied except for t he P t ( IV) complex, Xhe^^CC—'N) 
bauids i n pipersizine d i t h ioca rbama te s appear a t lower f requen-
c i e s than those of the d i a l k y l d i t h i o c a r b a m a t e d e r i v a t i v e s of 
m e t a l s . This decrease i s due t o the f a c t t ha t the h e t e r o c y c l i c 
system shows a decreased tendency of r e l e a s i n g e l e c t r o n s t o the 
N—C bond in R„—N —C:". with a consequent dec rease i n N = C 
double bond cha rac t e r • 
Complexes with pzdtc 
An absorp t ion band a t 3460 cm" in pzdtc i s ass igned t o 
iJ (NH) which remains unchanged on p a s s i n g from the f r e e l igand 
spectrum to those of the complexes. This excludes any p o s s i b i -
l i t y of coord ina t ion of the metal ions v i a the n i t r o g e n atom of 
the imino group of the l i g a n d . 
The (OH) s t r e t c h i n g frequency has been observed in l igand 
as wel l as in i t s complexes i n the range 34OO-3500 cm while 
(OH) deformat ion bands appeared in 1650-1615cm" r e g i o n . These 
bands confirmed the p resence of water of c r y s t a l l i z a t i o n because 
they d isappeared when the complexes and l igand were heated a t 
about 130 C in an oven. 
170 The Pd(pzdtc)p complex was r epo r t ed by P r e t i e t a l , 
d u r i n g the course of our i n v e s t i g a t i o n hence i t i s inc luded in 
t h i s work only for comparison pu rposes . The spectrum of the 
6;i 
Pd(pzdtc)p shows a very strong bauid a t 1000cm" assigned to 
i3 (C — S) s t re tching frequency. There i s a very strong band at 
1510 cm which i s assigned to the (C— N) s t re tch ing frequency. 
There i s no absorption band in 200-400 cm region in the far 
IR spectrum of the free l igand, but a band of medium in t ens i ty 
at 352cm~ in Pd(pzdtc)p complex has been noted and assigned 
to Pd-S s t re tching frequency. 
- 1 
A band at 21,740 cm has been found in the ligand f ield 
spectrum of the Pd(pzdtc)p complex which has been considered to 
be due to a d — d t r a n s i t i o n . This complex i s found to be 
diamagnetic and hence the following square planar geometry for 
170 i t has been proposed (Fig. XIX). 
S>. ^ S \ -< N i ^ - \ / 
(Fig. XIX) 
While rhodium(III) complex of the type Rh(p2dtc)- i s 
170 
well documented, no complex of the type M(pzdtc)pX or 
M(pzdtc)X2 (where X = hal ide ion) has been reported so f a r . 
6 
Here we a r e encounter ing t h e complexes of the type MCpzdtc)^* 
where M = R h ( I I l ) and R u ( I I I ) , In these complexes only two 
c h l o r i n e atoms have been r ep l aced by two pzdtc from RhCl^ and 
RuCl^t* ^or these complexes the2) (C- 'N) and 2J(C--S) were almost 
unchanged. The new bands in the far IR reg ion appear ing a t 
270 cm"^ and 290cm""^ in the Rh(pzdtc)pCl , and a t 280cm~^ and 
—1 172 ^ 
315cm in Hu(pzdtc)2Cl have been ass igned to2J(M-Cl) which 
-1 
may be due to b r idg ing c h l o r i n e atoms. A band a t 335 cm in 
the former and a t 3400x0" in the l a t t e r has been ass igned to 
2^(M-S). 
The r e f l e c t a n c e spectrum of R u ( I I I ) complex showed only 
charge t r a n s f e r bands and the complex was diamagnet ic which can 
only be explained on the b a s i s of an extended over lap of metal 
173 
and c h l o r i n e o r b i t a l s . 
— 1 The R h ( I I l ) complex showed two bands a t 19,200cm and 
22, 730cm in i t s e l e c t r o n i c spectrum which were ass igned to 
l , 1 1 1 
T-^A— A^ and T2 •< A^  . On the b a s i s of a n a l y t i c a l d a t a , 
IR s p e c t r a and t h e i r i n s o l u b i l i t y in common organic s o l v e n t s , / 
R u ( I I l ) and R h ( I I l ) complexes may be ass igned an o c t a h e d r a l 
d imer ic s t r u c t u r e s with c h l o r i n e b r i d g i n g ( F i g . XX). 
6 ' (^ 
• ^ V M - - ^ ^ H o N ^  
X — S S—C 
U^ /'N C'^  
^r\ \'^ f-^ 
M = Ru <m ) Or RhdII ) 
(Fig. XX) 
In the case of P t (pzd tc ) . complex an absorption band of 
medium in t ens i t y at 970 cm in addition to a strong band at 
1000 cm assigned to C '^—' S s t r e t ch ing frequency has been noted. 
I t was essen t ia l ly owing to the s p l i t i n g of the C ^ "^ S band. 
I t was thus, temping to assume that two of the four pzdtc groups 
were symmetrically and two were unsymmetrically coordinated to 
platinum • The t w o ^ ( P t - S ) modes observed at 400 cm and 325cm" 
are close to those reported for platinum complexes with b identa te 
174 sulphur containing l igands . I t s e lec t ronic spectrum showed 
-1 -1 
bands a t 27,028cm and 24,096 cm , which were assigned to the 
6;j 
_1 
respec t ive ly . The weaker bands appearing at 21,276 cm and 
_1 
16,666cm were assigned to the spin forbidden t r a n s i t i o n s , 
^^1g^*2g^^(®S^ °^ \g^*2g^^^®s) ^<~ ^^1g^^2g^^' although the 
l a t t e r band i s too weak. These values were, however, in good 
agreement with those reported for Pt(IV) complexes . I t i s , 
therefore , suggested that the platinum complex achieves an 
octahedral geometry with the following s t ruc tu re (Fig. XXI), 
N y J 
N-H 
(Fig. XXI) 
Complexes of the pzdcdt 
In the IR spectra of all the piperazine dicarbodithioate 
(pzdcdt) complexes there appeared only one strong 2)(C ^ -^^ S^ ) band 
_ 1 
around 1000 cm which is indicative of the symmetrical nature 
of bonded pzdcdt moiety. The IR spectra of disodium piperazine 
dicarbodithioate (Na^ pzdcdt) and its complexes did not show 
_ -1 
2-^  (N — H) band at 3460 cm whereas in pzdtc and its complexes a 
strong (N H ) band has been noted in the same region. The 
absence of2)(N--H) band and the presence of only2)(C—"S) band 
confirms that both the imino hydrogen atoms from piperazine 
molecule have been replaced by CSp groups giving a tetradentate 
ligand. The23(C-N) band in its complexes does not show any 
notable change because the ligand is quadridentate and has less 
tendency to release electron to C-N bond, The^)(C-N) bands 
in Na2^P^^^^*^ ^ ^ well as in its complexes appear at H50cm , 
In the far IR spectrum of Pd(Il) complex a new band 
appears at 345 cm"' due to ^  (Pd — S ) . The electronic spectrum 
showed an intense charge transfer band at 21,739 cm'' which may 
be attributed to M-» L or 1-»M transition or the ligand band. 
This complex has been found to be diamagnetic in nature. On the 
basis of spectroscopic results, analytical and solubility data, 
this complex may be assigned a four coordinated polymeric chain 
structure in which both the dithiocarbamato groups serve as 
;) 
85 
coordination sites. Hulanicki and Shishkova have also 
confirmed a polymeric structure for the Cu(Il) pzdcdt complex 
which probably form a chain with not more than ten members 
(Fig. XXII). 
/ 
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Where M = Pd(Il) or Cu(Il) 
n = number of l igand molecu les . 
(F ig . XXII) 
Ruthenium b i s - d i t h i o c a r b a m a t e complex shows i^(C— S) and 
x)(C — N) a t 992cm" and I450cm~ r e s p e c t i v e l y . The Ru—S band 
has been observed a t 344cm -1 There are two bands of medium 
-1 -1 
intensity at 320cm and 310091 attributed to Ru — Gl stretch-
ing frequency. Two such closely associated Ru — CI bands are 
176 which is in 
173 
essentially owing to bridging chlorine atoms 
consonance with the diajnagnetism of the complex''^. It has 
probably a polymeric chain structure with chlorine atoms acting 
as bridges between adjacent units (Fig. XXIII). The electronic 
spectrum of the complex showed only charge transfer bands. 
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(Fig* XXIII) 
A band of medium in t ens i t y in Rh(II I ) complex at 335001" 
has been assigned to^(Rh— S) . I t s ref lec tance spectrum showed 
-1 -1 
bands a t 21,740cm and 29,4-11cm were assigned to 
^1g^ ^1g ^ ^ ^ 2 ^ 1 r e spec t i ve ly . This complex 
would a lso have an octahedral configuration hy coordination of 
one metal ion with the three ligand molecules coordinated only 
through one of the two -CSg groups of pzdcdt. On the bas i s of 
these l imited studies the following s t ruc tu re may be proposed for 
the Rh(pzdcdt)5/2 complex (Fig, XXIV) 
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(Fig. XXIV) 
In the IR spectrum of Pt(pzdcdt)Clp two new bands at 
-1 -1 ^ 
420cm and 325cm have been observed in addition to 2 J ( C - N ) 
and'3t)(C —S) bands, which are a t t r ibu ted to i>(Pt—S) bands. 
Since ^ ( P t — C I ) also appears in t h i s region i t could not be 
iden t i f i ed separate ly . I t s e lec t ronic spectrum sliowed bands a t 
1 —1 1 R 1 
27,777cm" and 24,285cm" assigned to T^g(t2g) (eg) ^^ — ^1g^*2^ 175 t r ans i t i on • Since the complex i s diamagnetic and insoluble 
in common organic solvents , an octahedral polymeric chain ' 
s t ruc ture has been proposed for t h i s complex (Fig. XXV). 
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CHAPTER-IV 
5-AMIWOINDAZOLYL DITHIOCARBAMATE 
AND ITS COMPLEXES 
1(1 
5-AMINOINDAZOLYL DITHIOCARBAMATE AND ITS COMPLEXES 
MATERIALS AND METHODS 
5-Aminoindazole (Koch Light) m.p. 175 G was recrys-
tallized from methanol. The metal salts were obtained from 
B.D.H, or Johnson Matthey and used as such without further 
purification. Analar grade of carbon disulphide and sodium 
hydroxide were used. 
Synthesis of Li^and 
The synthesis of 5-aminoindazolyl dithiocarbamate is 
being reported here for the first time. The method is based 
on the procedure reported earlier for the dithiocarbamates. 
The sodium salt of 5-aminoindazolyl dithiocarbamate was 
prepared by treating 5-aminoindazole dissolved in isopropyl 
alcohol with carbon disulphide and adding,under vigorous stirr-
ing, a concentrated aqueous sodium hydroxide solution during 
twelve hours. The reaction mixture was stirred for another 
twelve hours. Molar ratio of amine: carbon disulphides sodium 
hydroxide was 1:1:1. Indazolyl dithiocarbamate thus formed was 
filtered, washed with alcohol, ether and dried in vacuo. The 
yield was 855^ . It was soluble in dimethyl sulphoxide (DMSO) 
and dimethyl formsunide (DMP), It decomposed at 340*^ 0. 
Vi 
P r e p a r a t i o n of Complexes 
Bis (5-suninoindazolyl d i th ioca rbamato ) Mn(II) /"Mn(AIdtc)p__7 
An a l c o h o l i c s o l u t i o n of MnCl2«4HpO (Igm) was added to 
t h e l igand s o l u t i o n ( 2 . 8 6 g m i n 20ml DMF) in a 1:2 molar r a t i o , 
when a brown s o l i d appeared immediate ly . This was d iges t ed on 
a water bath for an hour , then f i l t e r e d and washed thoroughly 
with DiyiF and a l c o h o l . I t was d r i ed in vacuo. 
Mono chloro b i s (5 -amino indazo ly l _dithiocsarbamato) F^e^ I I I j 
^"Fe(AIdtc)2Cl_7 
This b lack complex was prepared according t o the p r o c e -
dure descr ibed above. An a l c o h o l i c s o l u t i o n of FeCl , was added 
(0.5gm) dropwise to the l igand s o l u t i o n (2.784gra in 50ml DMF). 
The complex thus ob ta ined was washed and d r i ed in vacuo. 
Aquo-bis (^-aminoindazolyl d i th ioca rbamato) Cp(I^) 
/"Co(AIdtc)2.H20_7 
A b lack coloured s o l i d was obta ined by the add i t i on of an 
a l c o h o l i c s o l u t i o n of metal c h l o r i d e (Igm in 50ml alcohol> to a 
s o l u t i o n of l i gand (2.38gm i n 50ml DMF) in 1;2 molar r a t i o . The 
s o l i d was d i g e s t e d on a water bath fo r an hour and then f i l t e r e d 
and washed with DMF and a l c o h o l . I t was then d r i e d in vacuo. 
Aquo~bis(5-aminoindazolyl dithiocarbamato) Ni(II_l 
/"Ni(5-AIdtc)2.H2°-^ 
An alcoholic solut ion of MiCl2»6H20 (Igm in 50ml alcohol) 
was added to a solution of sodium sa l t of 5-aminoindazolyl 
dithiocarbamate (2,':58gm in 50 ml DMP), There was no change in 
the colour of the solution in the beginning but on heating i t 
for two hours a brown sol id appeared, which was i so la ted and 
dried in the manner described above. 
Diaquo-bis(5-ajainoindazolyl dithiocarbamato) Cu(Il) 
^"•Cu(Aldtc)2.2H20^7 
A solution of sodium 5-aminoindazolyl dithiocarbamate 
(2.l2gm in 50ml DMF) was added to an alcoholic solut ion of 
GuClp (0.5gm in 50ml alcohol) in a 2:1 molar r a t i o , which imme-
d ia t e ly yielded a dark brown so l id . This sol id was digested on 
a water bath for an hour and was then washed with DMP and alcohol, 
The complex was then dried in vacuo. 
Bis(5-aminoindazolyl dithiocarbamato) Zn( I I ) , /"Zn(AIdtc)2_7 
Mono chloro(5-aminoindazolyl dithiocao'bamato) Cd( I l ) , 
/"'Cd(AIdtc)Cl_7 and mono chloro(5-aminoindazolyl dithiocarbamato) 
Hg( I l ) , /"Hg(AIdtc)Cl7 " 
The above three complexes were obtained by refluxing their 
7') 
react ion mixtures for s ix hours, in each case the alcoholic 
solut ion of metal chloride was added to the ligand solut ion 
( in DMF) in a 1s2 r a t i o . The sol ids obtained af ter ref luxing, 
were f i l t e r e d , washed with Jt'lF and alcohol and then dried in 
vacuo. 
Triaquo-tris(3-aminoindazolyl dithiocarbamato) Ru(II I ) 
^~Eu(AIdtc) .3H20__7 
An alcoholic solut ion of ruthenium t r i ch lo r ide t r i -
hydrate (Igm in 75IB1 a lcohol) was added to a solution of 
sodium 5-aminoindazolyl dithiocarbamate (3,27gm in 75ml DMF), 
One ml of hydrochloric acid was added to the RuCl_.511^0 aolu-
t ion to prevent oxidation, A thick black sol id complex was 
obtained immediately. The complex so formed was thoroughly 
washed with DMF and alcohol and then dried in vacuo. 
Triaquo-tris(5-aminoindazolyl dithiocarbamato) Rh(II I ) 
^"Rh(AIdtc),.3H20_7 
The rhodium complex was prepared in the manner des-
cribed above. A brown complex was obtained on the addit ion 
of the ligand solution (2.045gm in 50ial DMF) to an alcohol ic 
solut ion of RhCl,(0.5gm in 50ml alcohol) in 3:1 molsu: rab io . 
I t was i so la ted and dried as usual . 
Triaquo-bis(3-aminoindazolyl dithiocaxbamato) Pd(I I^ 
/"Pd(AIdtc)2.3H20_7 
This chocolate coloured complex was prepared by talcing 
ligand and PdClg solut ion in 2:1 molar r a t i o . The method of 
preparation and i so l a t ion of th is complex i s the same as 
mentioned above. 
Triaquo-tetrakis(^-aminoindazolyl dithiocarbamato) Pt(IV) 
^~Pt(AIdtc)^.3H20_7 
This dark grey complex was prepared and i so la ted in the 
above manner using 1:4 metal to ligand r a t i o . 
None of the complexes described in t h i s chapter could 
be r ec rys t a l l i s ed owing to the i r i n s o l u b i l i t y in water and the 
usual organic solvents . 
RESULTS AND DISCUSSION 
The composition of the ligand was confirmed on the 
basis of its elemental analysis and IR spectrum. The colours, 
melting points, magnetic measurements and analytical results 
of the complexes are given in table 4« The infrared spectra 
-1 
were run in nujol in the range 4000-200cm , The character -
i s t i c frequencies required for the s t ruc ture elucidat ion of 
the newly synthesized complexes and the i r assignment are given 
in table 5. 
The 5-aminoindazole has the following s t ruc tu re 
(Fig. XXVI). There are two p o s s i b i l i t i e s for the replacement 
of hydrogen atom and inse r t ion of the -C ' © group r e s u l t i n g in 
the formation of 5-aminoindazolyl dithiocaurbamate (Aldtc) v i z . , 
from the primary amine s i t e (Fig. XXVII) or the secondary amine 
s i t e (Fig. XXVIII). The primary amine s i t e seems to be more 
suscept ib le to subs t i t u t i on . 
H j N 
( F i g . XXVI) 
f] -.9 
H 2 IVJ 
(Fig. XXVII) (Fig. XXVIII) 
The inser t ion of -C •;© group at primary amine s i t e in 
5-arninoindaz;ole has been confirmed by the fac t that the indazole 
containing only secondary amino group did not y ie ld a d i th ioca r -
bamate. This was also supported by IR spectrum which showed only 
one 23(N-H) absorption band at 5550cm" while the "23(0=1) and 
^ ^ ( C - N ) remained unchanged from the i r pos i t ions in 5-aminoinda-
17*7 — 1 
zole • A strong band at 1508cm i s assigned toi5(c=!N). The 
The -1 -1 
C-N s t re tch ing frequency appears at 1352cm and 1325cm 
band at 1643cm has been assigned to the r ing frequency. 
No N—H absorption band corresponding to -NHp group has 
been observed in 5-aminoindazolyl dithiocaxbamate. Two bands 
-1 -1 
appeared at 1000cm and 1460cm in Na-AIdtc c h a r a c t e r i s t i c of 
C =^ S and SgC^^N s t re tch ing frequencies as discussed in the 
previous chapter. 
7V 
For a symmetrically coordinated dithiocarbamato group 
-1 
there is only a single C^^S absorption band around 1000cm 
v/hile for an unsymmetrically coordinated dithiocarbamato group 
—1 81 178 two such bands appear in 1000+ 70cm region ' . The Aldtc 
exhibits both the symmetrical and unsymmetrical nature in the 
present case. It is a heterocyclic rigid system which minimi-
ses the delocalization of electrons over the entire S^ C ^ =^ N^ 
group as compared to that of the alkyl dithiocarbamate thereby 
168,170 
decreasing N = C stretching frequency in its infrared spectrum. 
A comparative account of^(C-^^N) in various dithiocarbamates 
is being given in table 3» 
The i)(N-H) is not significantly shifted on passing from 
the free ligand to those in the complexes. The ligand and some 
of the complexes, however, show absorption bands at 3400cm 
_1 
and 1550-1615cm region indicative of the presence of water 
molecules. These bands disappeared on heating the ligand and 
the complexes at 120 C for twelve hours accompnied by a loss in 
weight, suggesting removal of water molecules. They are, there-
fore, ^  OH rather than the second amide band. 
Besides the amino and the dithiocarbamato groups, there 
are two additional coordination sites viz., pyrrole (>NH) and 
pyridyl (^ N) nitrogens through which the coordination of the 
metal ion may occur. Since there is no notable change in the 
\^C^i^^^^'^-?i'A 
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7y 
i)(N-H) band, the possibility of coordination via pyrrole 
nitrogen atom may be entirely ruled out in the present cases. 
In the case of Mn(II), Co(Il) and Ni(II) however, the pyridyl 
nitrogen appears to be involved in coordination. A similar 
behaviour of 5-aminoindazole in lbs complexes with first row 
transition metals and with ?d(ll) has also been investigated, 
where both the pyrrole and the pyridyl nitrogens have been 
^ ^ 4- K ^ - 4 - ^177,179,180 found to be coordinated^ ' 
rhe2)(C=N) should shift to higher wave number on 
coordination and it has been found to be the case indeed, 
except for Cu(Il) and the noble metal complexes. 
In the complexes of first row transition metal ions 
inclusive of Cd(II) and Hg(Il), only one band corresponding to 
C ::-=. S stretching frequency has been foxmd in 980-1020cm 
region though this band appears slightly at lower wave number 
in Ru(III>, Rh(IIl), Pt(IV) and Pd(Il) complexes. Barrientos 
and coworkers have also reported ^{C^=-=-S) at 950cm'' 
demonstrating that ethylenebisdithiocarbamate was symmetrically 
bond to the metal. The antisymmetric C^^S stretching appeared 
-1 
at 600cm in the same complexes. 
The C^^S absorption band has been found to split only 
in the case of Pt(Aldtc)^.3H 0 complex which implies that two 
Q.J 
of the four dithiocarbamato groups are symmetrically and two 
are unsymmetricsilly coordinated to Pt(IV) ion as encountered 
in ^ ~Sn(Et2dtc) 7 complex^^^ and Pt(pzdtc)..aHgO^^^ described 
earlier in this thesis. In all other complexes the ligand 
moities have been found to be symmetrically coordinated since 
there is no splitting in the C=^^S stretching frequency. The 
ocher important IR frequencies of the ligand and its complexes 
have been given in table 5» 
In view of the elemental analyses, magnetic suscepti-
bility data,IR and electronic spectral measurements, a ligand 
bridged octahedral structure for the complexes of I^ClI), Co(II) 
and Ni(Il), halogen bridged structure for Fe(IIl) and square 
planar structure for Pd(Il) auid Cu(II) have been proposed. The 
Rh(III), Ru(IIl) and Pt(IV) complexes, however, also appear to 
be octahedral, but there did not seem to be ligand bridging. 
On the basis of limited studies no structural assignments could 
be made for Zn(Il), Cd(II) and Hg(II) complexes. 
Mn(Il), Co(Il) and Ni(Il) complexes 
All these complexes have been found to be paramagnetic 
in nature having an octahedral geometry with ligand bridging 
(Fig. XXIX). This geometry was further supported by their 
ligand field spectra. 
8 i 
The room temperature magnetic moment values for 
Mn(Aldtc)2 (4.78 B.M.) and Ni(AIdtc)2.H2^ (2.90 B.M.) were 
s l igh t ly lower than calculated for five unpaired e lectrons ini 
high spin s t a t e . This lowering in the magnetic moment value 
has been suggested to be due to the ligand br idging. However, 
t h e / ^ | . j value (4.52 B.M.) for Co(AIdtc)p.2Ii20 was in agree-
ment with that calculated for three unpaired e lec t rons in a 
hi;::h spin s t a t e . 
The ref lectance spectrum of the Mn(ll) complex showed 
- 1 - 1 
two i n t e n s e bands a t 28,990cm and at 18,520cm ass igned to 
To (D) ^— Ai and ^T^ ( G ) ^  Ai t r a n s i t i o n s r e s p e c t i v e l y . 
2g Tg "Ig »g 
Two batids at 13,870cm" and 16,950cm'* were ass igned to 
^T. (P) ^«— '''^1 ^^^ ^^^ ^ ^ ? ; T ' ^ — ^^1 (^^ t r an s i t i ons respec t ive -
' g ' g "-g ' g 
ly for an octaliedral Co(II) complex. A spin forbidden t r a n s i -
-1 
t ion at 13,160cm alongwith two addi t ional bands at 21,740 and 
14,930cm'"'' (assigned to '^1^^-2) <— % g ( ^ > and 5^ (p) , ^ 5^^ (P^ 
t r ans i t i ons respect ively) have been found in N i ( I l ) complex. 
I H H 
_.-CX^  
M(AIdtc)^; (M = Mn(I I ) , Co( I l ) and N i ( I I ) 
( f i g . XXIX) 
Pe(AIdtc)2Gl 
The experimental magnetic moment value of fe (AId tc )pCl 
(3 ,91 B.M,) a t room tempera ture i s lower than the t h e o r e t i c a l 
+3 
va lue for Fe in high spin s t a t e {XL ^« = 5.91 B.M.) but 
g r e a t e r than Fe in a low spin s t a t e i ^ - ^ = 2 . 3 B . H , ) , 
This might be due to the thermal e q u i l i b r i u m between high and 
low spin s t a t e s ( Tp and A-) or due to c h l o r i n e b r i d g i n g . 
6'J 
The reflectance spectrum of Fe(AIdtc)2Cl showed four 
_ • ) 
bands. The band at 28,990cm is a charge transfer band and 
-1 - 1 - 1 
the others at 26,320cui , 17,860cm and 16,5yOcin are 
assigned to ^T^g(t2g^^^®s) ^g? \s^^2g^^^^S^ ^^ 
^T- (t ) ^ A^ transitions r.espectively. 
I g 2g 1g 
Ig 
and 
(Fig, XXX) 
On the basis of the above results Fe(IIl) complex of 
5-aniinoindazolyl dithiocarbamate i s proposed to have an 
octahedral geometry with halogen bridging (Fig. XXX). 
9 r 
Cu(II) and Pd(II) complexes 
The diamagnetic Pd(Il) complex shows a d - d transition band 
_1 
a t 22,727cm in i t s e l e c t r o n i c spectrum which i s very c lo se 
to t ha t observed in the e l e c t r o n i c spectrum of Pd(Iimdtc>2 
(where, Timdtc = thiomorphol ine d i t h i o c a r b a m a t e ) 170 
The magnetic moment value for Cu(AIdtc)p.2H 0 complex 
(/t „^  = 1.60 B.M.) is lower than calculated for one unpaired 
electron. This is presumably due to some antiferromagnetic 
interaction. The reflectance spectrum shows a charge transfer 
-1 -1 - 1 
band at 25,000cm , and two bands a t 18,520cm tuia 1b, 570cm 
ass igned to A-, 
t i v e l y . 
' 2 
"Bi and E 'B^ t r a n s i t i o n s r e s p e c -
On the b a s i s of I K - , e l e c t r o n i c s p e c t r a and magnetic 
measurements Cu(Aldtc)p . 2.II2O aiid Pd(AIdtc)p.3H20 a re suggested 
t o have a square p l ana r s t r u c t u r e ( F i g . XSXI). 
S S 
'y 
M = Cu(I I ) and P d ( I I ) 
( F i g . XXXI) 
8;) 
R u ( I I l ) . Rh(I I l ) and Pt(IV) complexes 
These complexes were diamagnetic, Ilie diamagnetism 
for Rh(II l ) and Pt(IV) complexes i s not unusual but conclu-
s ive r e s u l t s could not be drawn for diamagnetic Ru( I I l ) 
complex which,however, shows only cliarge t r ans fe r bands in 
i t s ref lectance spectrum. For t r i s - (d ie thyld i th iocarbamato ) 
ruthenium ( I I I ) ^"Ru(Et2dtc),_7, D_ symmetry and a t r ans i t i on 
between t r igonal antiprism to t r igonal prism has been es tab-
l ished by Duffy and Pignolet ^ . Since,the Ru(Aldtc)^.3H 0 
i s similar to RuCEtpdtc), , i t may also be expected to have a 
t r igonal prismatic s t ruc ture v i a t r igonal twist mechanism which 
involves presumably a t r igonal prism t r ans i t i on s t a t e (Fig. XXXII). 
An octahedral geometry for Rh(AIdtc),.3H20(Fig. XXXIII) 
and Pt(AIdtc)..3H2O (Fig. XXXIV) complexes i s fur ther supported 
by the appearance of following bands in t h e i r e lec t ron ic spectra 
as indicated below. 
23,809cm-^ / ' ^^2g^~" ^^1g-^*' 20.833cm-l C ^ ^ i g - ^ ^^^^ _7; 
14,285cm"'' / " '^'^^^ ^*1g-^» ^ ^ 26,571cm-'' / ' ^1^^ ^k^^ J j 
17,241cm" / " ^T^ <— "^Ig -^ respec t ive ly . 
•H 
I 
N 
N 
\^ R u ^  oV 
H — N 
(Fig. XXXII) 
Zn(Il), Cd(Il) and H,^ (II) complexes 
On the basis of limited studies,no structural assign-
ments could be made for Zn(II), Cd(II) and Hg(Il) complexes. 
However, some new peaks have been observed in the far infrared 
_1 
spectra of these complexes in the range 390 to 320cm which 
must be due to M — S modes. 
8.' 
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CHAPTER-V 
o<-NAPHTHYLAMINE DITHIOGARBAMATE 
AND ITS COMPLEXES 
Q 1 
o( — NAPHTHYLAMINE DITHIOCARBAMATE AND ITS COMPLEXES 
MATERIALS AND METHODS 
o<-Naphthylamine (B.D.H.) mel t ing a t 50 C was r e c r y s -
t a l l i z e d from a l c o h o l . The s o l v e n t s were p u r i f i e d by conven-
t i o n a l methods. Carbon d i s u l p h i d e and sodium hydroxide used 
were a l s o B.D.H, r e a g e n t s . C h l o r o p l a t i n i c a c i d , pa l lad ium ( I I ) 
c h l o r i d e , ruthenium ( I I I ) c h l o r i d e (Johnson Mat they) , 
rhodium ( I I I ) c h l o r i d e (Koch-Light) were used as such. The 
o the r metal c h l o r i d e s (B.D.H or A.R. grade) were f u r t h e r 
r e c r y s t a l l i z e d from a l c o h o l . 
S y n t h e s i s of sodium o<-naphthylamine d i th ioca rbamate 
^"(o<-NHdtc).Na_^7 
The sodium oC-naphthylamine d i th ioca rbamate was syn the -
171 
s i zed by a method desc r ibed e a r l i e r i n t h i s t h e s i s . 
o/-Naphthylamine, carbon d i s u l p h i d e and sodium hydroxide were 
taken i n I s l s l molar r a t i o r e s p e c t i v e l y . To an o<-naphthylamine 
s o l u t i o n in e t h a n o l , carbon d i s u l p h i d e and sodium hydroxide 
were added with cont inuous s t i r r i n g . On completion of t h i s 
r e a c t i o n a l i g h t v i o l e t c r y s t a l l i n e so l i d mel t ing a t 290 C was 
o b t a i n e d . I t was s o l u b l e i n DMF and DMSO. 
Si 
Preparation of complexes with transition metal chlorides 
The dithiocarbamate may be synthesized by one of the 
•joe 
fo l lowing chemical r e a c t i o n s i 
( i ) By a d i r e c t i n s e r t i o n of a-CS^^ group in the presence of 
an amine and the metal c h l o r i d e (MClg or MCl^) 
2 RHNH + 2 CSg + MCI2 > (RHNCS2)(jI^  + 2HC1 
( i i ) By a replacement r e a c t i o n us ing the sodium s a l t of the 
d i th iocarbamate 
2(RMCS2)Na + MCI2 > (RmJCS2>2^^ + 2NaCl 
However, in the p re sen t case the complexes of 
06-naphthylamine d i th ioca rbamate were synthes ized by the f i r s t 
method. To a mixture of metal c h l o r i d e in a lcoho l and carbon 
d i s u l p h i d e , a so lu t i on of o<-napbthylamine in the same so lven t 
was added dropwise . The r e a c t i o n mixture was s t i r r e d for one 
hour and then heated for f i f t e e n minutes . The s o l i d thus 
obta ined was f i l t e r e d , washed with excess of hot a lcohol and 
then d r i ed in vacuum. 
RESULTS AND DISCUSSION 
The a n a l y t i c a l r e s u l t s of the complexes, t h e i r colour 
and mel t ing p o i n t s a re given in t a b l e 7 . Complexes of the 
type M(<^-NHdtc)pGlQ_2 have been i s o l t a t e d where, M = Co(II>, 
N i ( I l ) , C u ( l l ) , Ru( I I I> , R h ( I I I ) , P d ( I l ) , P t ( I V ) , Z n ( I l ) , 
Cd( I l ) and H g ( I I ) . All t hese coloured complexes are high 
mel t ing (or decomposing) s o l i d s . They a r e so lub le in DI'T and 
DMSO. The important IR- and fa r IR s p e c t r a l bands a re shown 
in t a b l e 8 , the r e s u l t s of magnetic measurements and r e f l e c t ance 
s p e c t r a a re given in t a b l e 9» 
The hydrogen atom of a primary amine, i s more prone to 
s u b s i t u a t i o n by a -CSp group than the hydrogen atom of a 
secondary amine. Since the c<-naphthylaffiine^(Fig. XXXV) i s a 
primary amine i t r e a d i l y r e a c t s with carbon d i s u l p h i d e and metal 
s a l t s subsequently r e s u l t i n g in the formation of a corresponding 
d i th ioca rbamate (F ig . XXXVI) complex in q u a n t i t a t i v e y i e l d 
(80?0. 
(F ig . XXXV) ( F i g . XXXVI) 
^b 
186 According to Chatt and coworkers the IR s p e c t r a 
of a lky l d i th ioca rbamates should e x h i b i t a s t rong band between 
I48O to 1^50cm assigned to p o l a r C ^^ -^  N s t r e t c h i n g f requency . 
This frequency l i e s i n t e r m e d i a t e to those a s s o c i a t e d with the 
C— 1^' s i n g l e bond (1250-I350ca ) and C = 'ii double bond 
(1640-1690cm ) , The C-^ i\l s t r e t c h i n g frequency in a r y l 
d i t h ioca r bama te s have been found to l i e below the range quoted 
iRfi 
by Chatt e t a l , which may be due to the e l e c t r o n withdraw-
ing n a t u r e of the a r y l group , Coucouvanis e t a l ^ have 
r epor t ed the 2^(C^^^'N) fo r some b i s - (monoary ld i th ioca rbamato ) 
N i ( I l ) complexes a t 1390cm , In the p r e s e n t work the abso rp -
t ion bands observed between 1370-1380cm reg ion have been 
ass igned to C-^N s t r e t c h i n g frequency which a re c o n s i s t e n t 
187 
with the 2) (C^ -^^ ^ N) r epor t ed by Coucouvanis and h i s coworkers 
-1 -1 
The bands between 1010cm and 1020cm have been 
171 
ass igned t o the (C^^^^'S) s t r e t c h i n g modes . This 2 ) (C-^ 'S ) 
band a l s o seems to have p a r t i a l double bond c h a r a c t e r a s i t 
f a l l s between a 0 — S s i n g l e bond (600-800cm" ) , and a C == S 
double bond (IO5O-1200cm ) . 
A comparison of the far IR spectra ofo<-naphthylamine 
dithiocarbamate and i t s complexes showed some addit ional bands 
bes ides the usual group frequencies which are e s s e n t i a l l y due 
to metal-sulphur and metal-halogen bond. 
9V 
Bis-( o^-naphthylamine dithiocarbamato) c o b a l t ( I l ) ; 
/ 'Co( o^-NHdtc)^./ 
The dithiocarbamato complex, /"Co( <?<-WHdtc)2_7is of 
pa r t i cu l a r i n t e r e s t . Elemental analys is of th i s complex 
suggests a 1:2 stoicheometry. Most dithiocarbamato - Go(II) 
complexes are square planar with the magnetic moment value 
1 fiR 171 
ranging from 1.60 to 2.5 B.M. ' The magnetic moment value 
of I—' 4.79 B.M,, a dark green colour and the electronic spect-
ral band ('^ 3^) at 14,518cm'' are the characteristics of a tetra-
1 Q Q 
hedral Co(II) complex with sulphur donors . In t h i s green 
Co( o<-NHdtc)2 complex (Af^ = 4 .69) , only one absorption band, 
Ci)^) observed at I4,705cm'"^ assigned to ^T. (P) 4— ^k^ 
t r ans i t ion i s also indica t ive of a te t rahedra l coba l t ( I I ) ion. 
For a te t rahedral Co(Il) complex with sulphur donors the 
25 (Co- S) f a l l s in 388-390cm"" region^^^ while for a square 
planar coba l t ( I I ) dithiocarbamate complex, i t has been noted 
_l168 1 
at 360cm . The 2) (Co-S) observed at 375cm in t h i s case 
a lso supports a te t rahedra l geometry for Co(II) ion (Fig, XXXVII). 
9? (J 
H 
(Fig. XXXVII) 
Bis-( o^-naphthylamine dithiocarbamato n i c k e l ( I I ) 
/"Mi (-^-^Mtcy^J 
This complex and i t s pyridine adduct were reported by 
190 Kaul and Pandeya during the course of t h i s work and i t i s 
i n t e r e s t i n g to note that the r e s u l t s of t h i s work are almost 
the same as reported by them. 
I t showed a charge t r ans fe r band at 24,390cm and other 
- 1 - 1 1 1 
bands at 17,500cm and 15,810cm assigned to B, < A-
-, 5g 1g 
1 1 
and B- ^  A^ transitions respectively. 
A new band of medium intensity observed at 390cm~ in 
its far IR spectrum, has been assigned to 23 ( M — S ) . 
On the basis of the above data and diamagnetism of the 
complex, a square planar geometry has been proposed for this 
complex (Pig. XXXVIII). 
S9 
M - N i { | | ) , C u ( l l ) a n d P d ( i n 
F i g . (XXXVIII) 
B i s - ( q<-naphthylamine d i th iocarba ina to) Copper( I I ) 
I'On (<<-NHdtc)2_7 
The e l e c t r o n i c spectrum of t h i s complex showed t h r e e 
abso rp t ion bands at 25 ,641 , 23000 and 17,2 41 cm"" . The f i r s t 
band was due to charge t r a n s f e r while the l a t t e r two bands 
2 
were ass igned to c r y s t a l f i e l d t r a n s i t i o n s A^  -^ "B. 
2 2 '^  • ""^  
and Eg -4— B* respectively. The magnetic moment value 
•S 
(/*-eff "" ^ '^^ B.M.) is within the range iyU^^^ = 1.9 B.H.) 
normally accepted for square planar Cu(Il) complexes and hence 
a square planar geometry for this complex has been proposed 
(Fig. XXXVIII). 
The far IR spectrum of this complex showed two bands 
10 ^ 
171 
-1 -1 
at 365cm and 325cm assigned to a)(Cu- S ) in the same range 
of heterocyclic dithiocarbamates. 
l\js) 
Monochloro-bis-( Q<:-naphthylamine dithiocarbamato) ruthenium(IIl) 
/ ' R u ( o^-NHdtc>2Cl_7 
This complex showed only charge t r a n s f e r bands . The 
diamagnetism for d"^  ruthenium( I I I ) i s unusua l , but t h i s can be 
expla ined on the b a s i s of super exchange phenomenon of e l e c t r o n s 
through ch lo r i ne b r idg ing "'' •' as encountered in severa l o the r 
R u ( I I I ) complexeso i t i is complex seems to be d imer ic with 
c h l o r i n e b r idg ing ( F i g . XXXIX). 
In t h i s case only one Ru - S s t r e t c h i n g (a t 340cm ) has 
been noted while two ^'(r .u-Cl) bands, ( a t 325cm and 515cm~ ) 
c h a r a c t e r i s t i c of b r idg ing c h l o r i n e 176 itoms have been observed. 
H \ ^ \ /^ ^ 
/•: 
( P i g . XXXIX) 
lui 
Tris-(c<-naphthylaiiiine amine dithiocarbamato) rhodiuin(III) 
As expected, th i s complex i s diamagnetic and shows 
5710111 assigned to 
t r ans i t ion respec t ive ly . 
-1 -1 
t h e bands a t 25,64lcm and 28,571cm assigned to 
' l g ^ ^ I g " ^ ' ' 2 g ^ ^Mg 
These data are consistent with those reported for dithiocar-
170 bamate complexes of Rh(III), and hence an octahedral geometry 
for this complex has also been suggested (iTig, XL), 
_1 
A new peak at 330cm has been noted in its far IR 
spectrum, which must be due to (Rh-S) stretching mode. 
(Fig. XL) 
Bis-(oC-naphthylsimine dithiocarbamato) pal ladium(I l ) 
/~Pd(o<-NHdtc)2_7 
8 
Pd(I l ) with a d , e lec t ron ic configuration, generally 
2 y ie lds square planar complexes, involving dsp hybridizat ion 
of the metal ion. 
The magnetic moment value and electronic spectral data 
suggest that this complex is also diamagnetic amd square planar 
(Fig. XXXVIII) as has also been reported by Marcotrigiano and 
170 
coworkers in the case of other Pd(Il) dithiocarbamates. The 
electronic spectrum of this complex shows a strong band at 
- 1 - 1 
27,030cm and a weak band at 21,000cm , The former band may 
be due to charge t ransfer while the l a t t e r one can be considered 
1 1 
as a d-d t rans i t ion assigned to the B^ <t A, • ^he fact that 
i g 'g 
t h i s band i s a t higher energy for Pd(o<:-NHdtc)2 (at 21,000cm*" ) 
than for Ni( c<-NHdtc)2 (a t 15,810cm ) agrees with the spect ro-
chemical order of these metal ions . The '^ (Pd-S) has been 
observed at 340cm" in t h i s complex. 
Dichloro-bis-(o<-naphthylamine dithiocarbamato) platinum(IV) 
/ " P t ( oC-NHdtc)2Cl2_7 
The electronic spectrum of Pt(IV) de r iva t ive showed three 
bands at 27,777; 24,390 and 16,666cm'\ The f i r s t two of the 
above bands were assigned to T^  ^— A^  and the l a s t one to 
^To 4 A^^  t r a n s i t i o n s respectively^'^5^ 
*^ g 1g 
luj; 
A new band at 380cin has been observed in its IR-
spectrum which is attributed to 8)(pt-s) band • However, 
the second 2>(Pt-S) and the^(Pt-Cl) bands could not be 
identified separately because of their overlapping, never-
-1 
theless, a band at 320cm is tentatively assigned to 
2)(Pt-Cl). 
On the basis of diaffiagnetis22, e lec t ronic and IR -
spectra , an octahedral geometry i s proposed for t h i s complex 
(Fig.-XLI). 
(Fig.XLI) 
lb 
Zn(II ) , Cd(I l ) and Hg(I l ) complexes witho<-naphthylamine 
d i t h i o c a r b a m a t e s , /"M(o<-NHdtc) ; M = metal_7 
New IR bands observed a t 330ciii in both Zn( «^-NHdtc)p 
-1 
and Cd(->^-iMHdtc)2 complexes, and a t 325cm in HgCo^-NHdtc)^ 
have been ass igned to '2^( M - s ) . 
10 
As a l l t h r ee complexes have a d e l e c t r o n i c conf igu-
r a t i o n , no d-d t r a n s i t i o n s a r e expected in t h e i r r e f l e c t a n c e 
s p e c t r a . On the b a s i s of l i m i t e d s tudied no conclus ive r e s u l t 
p e r t a i n i n g to t h e i r geometr ies could be drawn. 
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CHAPTER~VI 
COMPLEXES OF 2-THIOBARBITURIC ACID 
Uo 
COMPLEXES OF 2-THIOBARBITURIC ACID 
MATERIALS AND METHODS 
2 - T h i o b a r b i t u r i c ac id (Koch- l i gh t ) m.p, 235 d was used 
without f u r t h e r p u r i f i c a t i o n . Other r e a g e n t s used were the same 
as desc r ibed in the e a r l i e r chap te rs* 
P r e p a r a t i o n of 2 - t h i o b a r b i t u r i c ac id (TBA) complexes 
All the complexes were prepared by the a d d i t i o n of t h e 
l i g a n d s o l u t i o n t o d i f f e r e n t metal c h l o r i d e s in wa te r . The 
complexes were obtained e i t h e r on keeping the mixtures on water 
bath for one hour or by s t i r r i n g the mixture for a few hours and 
then keeping them o v e r n i g h t . However, N i ( I I ) , Hg( I l ) and Z n ( I l ) 
f a i l e d to give any complex even under v igorous exper imenta l 
cond i t i ons* 
The methods of p r e p a r a t i o n for d i f f e r e n t complexes a re 
given in the fo l lowing p a r a g r a p h s : -
Mn(TBA)Cl 
0.5gm MnCl2»4H20 in 25 ml d i s t i l l e d water was added to 
l i g a n d s o l u t i o n (0 .8 gm TBA in 50 ml d i s t i l l e d w a t e r ) . A l i g h t 
Iu9 
yellow solution immediately obtained was heated on a water 
bath for an hour and subsequently s t i r r ed for two hours. 
I t yielded a yellowish pink solid af ter keeping t h i s 
mixture overnight. I t was f i l t e r e d , washed with d i s t i l l e d 
water and then dried in an oven at 5O-6O C. 
Fe(TBA)2Cl 
This complex was also prepared in the manner described 
above by the addition of 0.25 gm ferric chloride in 50 ml of 
water to 0.7 gm of TBA in 75 ml of water. On mixing the two 
reactants the colour of the mixture became red which turned 
dirty yellow on heating. It ultimately gave a buff coloured 
complex. 
Co(TBA)2 
When an aqueous solution (50ml) of 0,5gffi of d ichloro-
cobal t ( I I> hexahydrate was added to 0.6gmof TBA in a 1:2 
molar r a t i o , a pink solution was obtained. I t was kept over-
night a f te r heating on a water bath for an hour. I t gave a 
pinkish so l id , which was then f i l t e r e d , washed thoroughly with 
water and dried in an oven at 60-70°C. 
liu 
Cu(TBA)Cl and Cu(TBA)2 
The CuClp gives two types of complexes with TBA in 
different molar ratios of the reactants. A buff and a black 
coloured complexes were obtained in a 1:1 and 1:2 molar ratios 
respectively. Both these complexes appeared instantly after 
mixing the aqueous solutions of cupric chloride and ligand. 
The products were filtered, washed with water and then dried 
o 
in an oven at 60 C. 
Cd(TBA)2 
The metal c h l o r i d e s o l u t i o n (0,5gmCdCl i n 50 ml water) 
was added t o an aqueous s o l u t i o n of the l i gand (0,75gni TBA in 
75 ml water ) in a 1:2 molar r a t i o . A ye l lowish pink s o l i d 
appeared a t once which was i s o l a t e d , washed and d r i ed in the 
manner d e t a i l e d above, 
Ru{TBA)2Cl 
Ruthenium trichloride trihydrate (0,5 gm in 50 ml water) 
was added dropwise to an aqueous solution of ligand (1,04gm in 
100ml water). One ml of hydrochloric acid was added to RuCl, 
solution, A dark brown precipitate was immediately obtained. 
It was filtered after digesting on a water bath and was washed 
with water and then dried in an oven at 60*^ 0, 
I l l 
Rh(TBA)^ 
An aqueous s o l u t i o n of rhodium t r i c h l o r i d e {0.5gm in 
50ml water + 1 ml HCl) was added to the l igand s o l u t i o n (1,03gm 
TBA in 100ml water) i n 1:3 molar r a t i o . Af te r h e a t i n g the 
s o l u t i o n on a water bath for a few minutes , a b lack s o l i d was 
ob t a ined . I t was then f i l t e r e d , washed with water s e v e r a l t imes 
and d r i ed in an oven a t 60 C. 
IrCTBAJgCl 
This complex was synthesized in the manner described 
for Ru(rBA)Cl. In this case a pink complex was obtained. 
Pd(TBA)Cl 
An aqueous s o l u t i o n of the metal c h l o r i d e (0.5gm PdClo in 
50 ml water + 2 ml HCl) was added t o an aqueous s o l u t i o n of the 
l igand (0 .81 gm TBA in 100 ml water ) i n a 1:2 metal t o l i gand 
molar r a t i o . The s o l u t i o n was heated on a water bath for h a l f 
an hour . A deep brown f lu f fy complex so formed was i s o l a t e d and 
d r i e d in the same way as desc r ibed above. 
Pt(TBA)2Cl2 
An aqueous s o l u t i o n of c h l o r o p l a t i n i c ac id (0,5gm in 50ml 
wate r ) was added to TBA s o l u t i o n (0.70gm in 100ml w a t e r ) . No 
112 
change was noticed in the beginning but on heating this mixture 
for an hour on a water bath a yellow solid was obtained. This 
was then filtered, washed with water and dried in an oven at 
60°C. 
m 
RESULTS AND DISCUSSION 
The 2- th iobarb i tur ic acid,(TBA) i s commonly known as 
4,6-dihydroxy 2-mercapto pyrimidine* By analogy of N~hetero 
128 
aromatic mercapto pyrimidine and barbituric acid, the 
thiobarbituric acid (TEA) has been assigned to have the 
structure Z A_7» 
/X7 
( P i g j a i i ) 
In view of the fact that no synthesis of metal complexes 
of 2- th iobarb i tur ic acid has been reported in the l i t e r a t u r e , 
i t was worth studying the complexing behaviour of the 2 - t h io -
baxbitur ic acid with t r ans i t ion metal ions . An attempt to 
ii4 
synthesize the complexes of Cr(IIl), Mn(Il), FeClII), Co(Il), 
Ni(Il), Cu(Il), Cd(Il), Ru(IIl), Rh(IIl), Pt(IV), Pd(Il) and 
Ir(IIl) with TBA was made. All these metals gave complexes 
with TBA in low yield. In the case of Ni(Il) and Cr(IIl) 
no solid complex could be obtained except for a change in the 
colour of their reaction mixtures. 
The above mentioned complexes were all coloured and 
stable solids having high decomposition temperatures (Table 10). 
They were insoluble in usual organic solvents except for Fe(IIl) 
complex, which is soluble in DMF and DhSO. They were charac-
terized on the basis of their elemental analyses (Table 10), 
infrared-(Table 11 )^ electronic spectroscopy and room temperature 
magnetic susceptibility measurements (Table 12). 
Thiobarbituric acid (TBA) has several donor sites avail-
able for coordination viz; sulphur, oxygen or nitrogen atom. 
The possibility that it may act as a multidentate ligand has 
also been considered. 
The N-H stretching frequency in the free ligand at 
-1 -1 
3200cm and 3060cm has been found to be shifted to lower 
frequency region (3030-3l50cm ) in all the metal complexes. 
This marked negative shift in N-H stretching frequency clearly 
shows that the N-H group is involved in coordination. As there 
are two N-H groups in thiobarbituric acid at position 1- and 3-
l i 
r e s p e c t i v e l y i t i s l i k e l y t h a t both of t he se groups are 
involved in c o o r d i n a t i o n . 
In no case the sulphur atom has been found to be c o o r d i -
nated to metal ion which i s evidenced by the p e r s i s t e n t appear -
-1 
ance of C-S abso rp t ion band a t the same wave number (1204cm ) 
in both the l i gand and the complexes. However, a s h i f t i n the 
l) C = 0 to lower frequency reg ion (1630cm ) has been observed 
on pass ing from t h e uncomplexed t o t h e complexed l igand confirm-
ing the involvement of the oxygen atom in c o o r d i n a t i o n . 
A comparison of the IR s p e c t r a of the complexes in 
600-100cm region with tha t of the f r e e l igand showed a d d i t i o n a l 
bands which were a t t r i b u t e d to^^M-N, 2)M-0 and i^M-Cl r e s p e c t i v e l y , 
A - 1 
The 'V M-N for Cd, Mn, Fe, Co, and Cu have been observed at 175cm , 
-1 -1 -1 - 1 
220cm , 233cm , 242cm and 270cm r e s p e c t i v e l y , the magni-
tude of which followed the I r v i n g Williams o rde r . A s imi l a r 
order of s h i f t in meta l - l igand f r equenc ie s has been observed in 
I Q I - 1 Q ' \ 
this region for several other nitrogen containing ligands . 
However, the 23(M-N) for Ru(IIl), Rh(IIl), Pd(II)^^^, 
197 
Ir(III) and Pt(IV) complexes have been found to absorb at 
196 
rather higher frequency which is not uncommon . 
liG 
Ma(TBA)Cl 
In t h i s case t h e r e seems to be l i gand b r idg ing with an 
ar ray of c h l o r i n e atoms above and below the p l a n e . Due t o 
the coupl ing of ' i^(N-H),^ (C-N) and x*(C=0) with each o the r and 
a l s o with t h e r i n g v i b r a t i o n s , i t i s r a t h e r d i f f i c u l t t o 
d i s t i n g u i s h between the coord ina ted and free-NH groups* How-
ever , both the -NH groups a re t e n t a t i v e l y suggested, t o be 
2+ 
coordinated to Mn i o n s . 
A comparison of the spectrum of ^~Kjn(TBA)Cl_7complex 
_1 
with t ha t of the f ree l igand in the reg ion 600 to 200cm showed 
_1 
the presence of four a d d i t i o n a l bands . The bands a t 220cffi 
and 270cm~ have been a t t r i b u t e d to^(M-W) and2)(M-0) r e s p e c -
t i v e l y . The o the r two bands a t 290cm~ and 330om'' have been 
suggested to be due to2) (M-Cl) . 
Manganese(Il) ion forms o c t a h e d r a l complexes both in low 
2+ 
and high spin s t a t e s . The magnetic moment va lue fo r Mn ion 
in the p r e s e n t case has been found to be 2.31 B.M., which i s 
198 
wi th in the range normally accepted for a low spin complex . 
The oc t ahedra l geometry i s f u r t h e r supported by i t s r e f l e c t a n c e 
spectrum, which shows a charge t r a n s f e r band a t 26,315cm and 
- 1 1 1 
weaJc bands a t 17,857cm , 31,250cm and 36,710cm"' ass igned to 
"^ T^  < ^T^i % ( ^ T ^ ) < ^Tg and h <r— h^ t r a n s i t i o n s 
I Q Q 
r e s p e c t i v e l y . 
1 1 V 
Fe(TBA)2Cl 
The far I.R. spectrum of Fe(III> complex showed 2) (M-N) 
1 1 1 
at 233cm~ ,2^(M-0) at 307cm" and2)(M-Cl) at 330cm' . The 
magnetic behaviour of octahedrally coordinated compounds of 
Fe ( I I I ) i s generally uncomplicated. Under weak ligand f i e l d s 
of Oj^  symmetry (high spin) Fe ( I I I ) has Ppf>f<= 5.9 B.M, while 
in strong f i e l d s of 0, symmetry (low sp in) , the room temperature 
jLig^ ^ value of Fe(III> i s 2.3 B.M.^° In the case of F e ( I I I ) , 
the presence of spin free (S = 5/2) spin paired (S = V2) 
equ i l ib r i a ( A -^ Tp cross over s i t ua t ion ) appears to be 
201—PO''5 qui te common phenomenon for aromatic amine N-oxide complexes -^ j 
the same type of magnetic behaviour i s also considered here and 
the new F e ( I I l ) complex,/"Fe(TBA)2Cl_7( Ju^^^ = 1.62 B.M.) i s 
suggested to involve spin s ta te e q u i l i b r i a . 
The electronic spectrum of the Fe(III> complex showed 
only charge t ransfer bands . In view of these s tudies a 
chlorine bridged, dimeric, octahedral s t ruc ture could be proposed 
X- -r, 3 + • 
for Fe ion. 
r^ COCTBA)^  
-1 -1 
The absorption bands appearing at 242cm , and 350cm 
in the IR spectrum of Co(Il) complex have been assigned to 
2)(M-N) andl)(M-0) respectively. 
iVl 
_1 
Bes ides a charge t r a n s f e r band at 27,027cm , two more 
absorp t ion bands noted at 22,471 and 15,151cm" have been 
ass igned to "^T^^CP) < ^ - "^T^^CF) and ^A^^i^)^— "^"^Ig^^^ 
204 2+ 
t r a n s i t i o n s r e s p e c t i v e l y fo r an oc tahedra l Co i o n . The 
room temperature magnetic moment va lue of 3.15 B.M. i s , however, 
a b i t lower than t h a t c a l c u l a t e d fo r a s i x - coo rd ina t ed Co( I I ) 
complex in high spin s t a t e ( 4 . S - 5 . 6 B.M.) and h igher than in 
low spin s t a t e (1 .73 -2 .0 B.M.), Such an anomalous i n t e r m e d i a t e 
ja r-f va lue i s not an unusual phenomenon for Co( I I ) complexes 
..^ 4. u ^ T 4- • 2 0 5 - 2 0 8 
with oc t ahedra l geometr ies 
CU(TBA)C1 and CuCTBAig 
A s t ro ng band observed a t 270cm in both the above 
complexes has been assigned to^)(M-N). The bands observed a t 
-1 - 1 
370cm in former and a t 560cm in the l a t t e r a re ass igned to 
M-0 s t r e t c h i n g frequency, The-i^(M-Cl> in the spectrum of 
CU(TBA)C1 appeared a t 320cm~ , which i s e s s e n t i a l l y the charac-
t e r i s t i c frequency of c h l o r i n e br idged squa re -p lana r geometry 
for Cu i o n . 
The Cu(TBA)Cl complex i s diamagnet ic whi le the Cu(TBA)2 
has the J^Qff= 1»52 B.M. which i s lower than t h a t c a l c u l a t e d 
(1 .9 B.M.) for a squa re -p lana r Cu ion , The diamagnetism 
of C u ( I l ) in the former case may be achieved through c h l o r i n e 
lid 
b r i d g i n g ^^ , while the low magnetic s u s c e p t i b i l i t y va lue in the 
l a t t e r may be due to some an t i fe r romagne t i sm. The Cu(TBA)Cl 
complex shows only charge t r a n s f e r bands. In a d d i t i o n to a 
charge t r a n s f e r band a t 2^,000cm in Cu(TBA)2» t h e r e a re two 
—1 —1 2 2 
o the r bands a t 19,230cm and 16,949cm ass igned to A^  4 - B-
and E ^ — Bi t r a n s i t i o n s r e s p e c t i v e l y . In view of the above 
g *S 
s t u d i e s a square p lanar geometry for both the complexes has been 
proposed. 
Cd(TBA)2 
The far IR spectrum of ^ "Cd(TBA)2_7complex showed a medium 
-1 -1 
band at 175cm along with a weak band at 200cm assigned to 
(M-N) and (M-O) stretching frequencies, 
10 As Cd(II) has a d electronic configuration, no d-d 
transitions are expected in the visible region. However, on the 
basis of the limited studies, no definite geometry could be pro-
2+ posed for Cd ion. 
Ru(TBA)2Cl and Ir(TBA)2Cl 
The Ru(I I I> complex showed bands a t 458cm~^, 400cii""^ and 
340cin"" which a re ass igned to ^ (M-N), 2) (M-O) and ^ (M-Cl) 
r e s p e c t i v e l y . These bands f o r I r ( I I I ) complex were observed a t 
—1 —1 1 
475cm , 530cm and 327cm"' respectively. Both these complexes 
'ii\i 
a r e d iamagne t ic . However, diamagnetic I r ( I I I ) complexes a r e 
q u i t e ex tens ive but t h e diamagnet ic R u ( I I l ) complexes a re r a r e . 
This diamagnetic behaviour of R u ( I I I ) complexes has been explained 
173,183 
by c h l o r i n e b r i d g i n g , t h r o u ^ which spin p a i r i n g i s sugges ted . 
Only charge t r a n s f e r bands iiave been observed in the e l e c t r o n i c 
spectrum of t h i s complex. The e l e c t r o n i c spectrum of I r ( I I l ) 
complex (Table 12) showed two spin forbidden absorpt ion bands a t 
-1 -1 
H,705cm and 13,888cm in add i t ion to two more bands a t 
-1 -1 1 1 
33,333cm and 27,777cm ass igned to T- < — A. and 
1 1 3+ To <— Ai t r a n s i t i o n s r e s p e c t i v e l y , fo r an oc tahedra l I r 2g 1g ^ ^^ 
ion175. 
Rh(TBAU 
The Rh~W and Rh-0 s t r e t c h i n g f r equenc i e s were noted a t 
-1 -1 
468cm and 436cm r e s p e c t i v e l y in Rh(TBA), complex. This 
complex i s diamagnet ic as u sua l and has t h r e e bands in i t s e l e c t r o -
- 1 1 1 1 
n ic spectrum a t 24,390cm ( T« •<— A. ) ; 19,230cm 
1 1 1 ^7 ^ 1 ( T. -^^ A- ) and 13,888cm (^T- 4^— ' A - ) which are c o n s i s -
• g ' S 'S ' S 
tent with an octahedral geometry for Rh^ "*^  ion . 
Pd(TBA)Gl 
The ^ (Pd-Cl) has been observed a t 330cm"\ T h e ^ ( P d - N ) 
and'i) (Pd-O) absorp t ion bands appeared a t 480cm~^ and 5l8cm''^ in 
12i 
the far IR spectrum of Pd(TBA)Cl. It is diamagnetic and has 
only charge transfer bands in its electronic spectrum which 
P+ 175 
supports a square planar geometry for Pd ion . 
Pt(TBA)2Cl2 
The Pt(TBA)2Cl2 i s diamagnetic similar to other Pt(IV) 
complexes and hence expected to have an octahedral geometry. 
The far IR spectrum of the complex showed ^){ M-N ) at 505cm , 
— 1 —I 
a) (M-0) at 535cm" anda)(M-Cl) at ^TOcm" respec t ive ly . In the 
e lec t ronic spectrum of Pt(TBA)pClp complex there appeared three 
-1 -1 -1 
bands at 28,571cm ; 24,390cm and 16,666cm . The former two 
1 1 ^ 1 
were assigned to T-j„"^— A^  and the l a t t e r one to Tp <:— A^  
t r a n s i t i o n s respectively which are also in consonance with an 
4-f . 175 
octahedral geometry for Pt ion 
On the basis of the above s tudies i t i s unequivocally 
claimed that a l l the donor s i t e s except for the sulphur atom are 
po ten t ia l ly coordination a c t i v e . 
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